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PREFACE 
The Occasional Papers are the reports of research conducted 
by the faculty and students in the Department of Geography at the 
University of Nebraska (Lincoln). Previous Occasional Papers have 
focused on the application of geographic skills and knowledge to 
problems confronting the citizens of Nebraska. This report con-
tinues this precedent by applying the geographic perspective to a 
contemporary issue facing Nebraskans. The author of this publica-
tion hopes that Occasional Paper No.3 will provide as much useful 
information as its two predecessors. 
Funds for this project were provided by Title V of the Rural 
Development Act of 1972 (P.L. 92-419). The Nebraska Rural Develop-
ment Advisory Council, which was established by the Rural Develop-
ment Act to administer Nebraska's funds and activities accruing 
from this federal act, decided in 1974 to concentrate initial ef-
forts on land use planning. The Council recognized that progress 
in rural development is closely linked to skill in managing the 
state's resources and that wise management requires planning for 
the many changes occurring in the State's economic and social life. 
Accordingly, the Council assigned the task of organizing and super-
vising educational and research activities pertaining to land use 
planning to a Land Use Planning subcommittee composed of knowledge-
able persons from the University of Nebraska, the State Office of 
Planning and Programming, and other interested agencies. The sub-
committee prepared a series of questions associated with land use 
planning in Nebraska for which answers were needed; it then sought 
scholars in various agencies, academic institutions, and elsewhere 
in the State who could provide some answers. This project is one 
of several projects sponsored by the Nebraska Rural Development 
Advisory Council through the Land Use Planning subcommittee. 
Although I am responsible for the contents of this report, 
assistance was received from other persons. M. Stanley Dart con-
tributed ideas and background data during the early phases of the 
project when it was a joint effort between Kearney State College 
and the University of Nebraska. Kristine Youngren and Merle John-
son spent considerable time and effort in searching out various 
agencies and organizations for existing information on resource 
inventories. Numerous other persons answered questions and sug-
gested additional information associated with this wide-ranging 
topic. 
A personal note about my experience with this topic may pre-
pare the reader for the emphasis in this report. My original sup-
position was that identifying areas with special characteristics 
was a geographic task that could be accomplished through objective 
measurements. I reasoned that existing data about the environment 
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could be supplemented with quantitative techniques for measuring 
intangible characteristics (e.g., scenic beauty) to produce a set 
of values for each small unit of land. By combining all measure-
ments for each areal unit, areal variations could be compared and 
the most critical areas could be identified. Professor Dart and I 
planned to apply such a methodology to a section of the Platte 
Valley Corridor to demonstrate its feasibility. 
However, as I studied the implications of criticality, read 
about the unsuccessful attempts to combine data sets in other 
states, and learned more about the difficulties already experienced 
by agencies in Nebraska as they tried to differentiate areas, I 
realized that identifying critical areas was more complex. I con-
cluded that defining critical environmental areas is more complex 
that collecting environmental data and combining them to produce 
geographical distinct units. Collecting data in itself is a for-
midable undertaking because of their incompleteness for many phe-
nomena in many areas of the State. But more than that, the defi-
nition of criticality requires input other than that obtained from 
resource inventories: it requires the input from Nebraska citizens 
with diverse viewpoints about land-use goals. 
My realization that the definition of critical areas must in-
volve citizen input, however, was balanced with awareness that un-
structured, open meetings may reveal diverse opinions but not a 
sense of public priorities. Thus I explored alternative methods 
for public participation. My search for an objective procedure 
that combines diverse viewpoints (while also utilizing incomplete 
environmental data) led me to the procedure described in this re-
port. Hopefully the results of my search as presented here will 
aid others as they design and operate a system for defining criti-
cal environmental areas in Nebraska. 
Robert H. Stoddard 
July, 1977 
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CHAPTER I: CONCERNING AREAS OF STATEWIDE IMPORTANCE 
Purpose of the Study 
Improvement of Life in Nebraska 
The ultimate purpose of this study is the improvement of life 
for citizens of Nebraska, both present and future~ It is based on 
the premise that the needs of citizens will continue in ways simi-
lar to existing ones. One of these ways is the relative importance 
of rural life in Nebraska; another is the increasing interaction 
among all segments of American society; and a third is the depen-
dence of humans on the existing earth environment. 
The importance of the rural component df Nebraska's economy 
and society is well-known. A large proportion of the State's popu-
lation lives outside the metropolitan centers, and recent migration 
trends have shown a growth in the importance of many smaller com-
munities. This means a sizeable number of Nebraskans are rather 
directly involved with rural life. Indirectly an even larger per-
centage of the State's population is influenced by the economic 
well-being of the rural sector. Furthermore, the necessity for 
food production, especially when compared to alternate forms of 
economic activity in the Midwest-Great Plains region of the nation, 
suggests the continuing importance of the rural component in this 
state. 
Concurrent with the continuance of the rural component is the 
trend toward more complex interrelations among all parts of our 
society. The increase in population, the expanded mobility of 
people, and the growth of corporations with production of multiple 
products in multiple areas of the world all evidence greater inter-
action. More interaction means that decisions made by individuals 
in one locality often affect persons in another area to a much 
greater degree than was true during the pioneer settlement period 
of the country. And, it seems obvious that this trend toward 
greater interaction among persons within an area like the State 
of Nebraska will continue into the future. This trend, when com-
bined with the importance of the rural component, implies that the 
quality of life for all citizens of the State becomes inextricably 
interwoven with the developmental characteristics of rural Ne-
braska. 
Undergirding these human endeavors is the physical environ-
ment that supports life on this planet. The interrelationships 
among environmental phenomenal and environmental-human phenomena 
are so complex that they are only partially understood at this 
time. Nevertheless, it is virtually axiomatic that certain ele-
ments in the earth systems are so vital that life would be jeop-
ardized if these elements were drastically changed. Therefore, 
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decisions to make changes in the environment need very careful 
consideration. 
Because environmental alterations may produce serious 
changes affecting all human beings and because of increasing 
interaction among the segments of society, changes may have 
far-reaching effects. Decisions made in one locality of the 
state often affect the lives of other Nebraskans far from the 
decision-making site. The decision to irrigate additional land 
has a potential productive impact upon the entire economy of 
the State. 2 Likewise the impounding of river water may per-
manently destroy the scenery and ecological setting to which 
Nebraskans formerly traveled great distances to study and enjoy. 
Even decisions dealing with small areas possess long-range im-
pacts when aggregated. The drainage of a marsh when multiplied 
manyfold may jeopardize the habitat of rare migratory birds, 
and the building of a summer cabin along a stream when dupli-
cated by numerous citizens can encroach on prime agricultural 
land. Obviously, many decisions have more than local signifi-
because they can affect citizens in other parts of the State. 
This observation about the interrelationships among people 
and their activities in various parts of the state does not 
deny the major role of individual and local decisions. In this 
country we cherish the rights of individuals to decide and to 
act on matters that affect oneself, and we encourage groups of 
persons to initiate and to perform actions of local betterment. 
These fundamental rights and the quality of life in Nebraska 
depends upon their retention. 
Questions ari~e, of course, about which activities involve 
only oneself or are of local concern and which ones pertain to 
the interests of the larger society. The decision to establish 
buffer zones around feedlots may be primarily a matter for re-
sidents of a single county.3 In contrast, all Nebraskans, not 
just persons living in one part of Lincoln, have a major stake 
in the environmental setting of the State's capitol, an archi-
tectural masterpiece of world reknown. 4 The answer about which 
activities are local and which have more than local concern 
is not simple. Ideally we plan ahead and anticipate potential 
controversies so they can be discussed democratically and 
settled in a manner that recognizes all viewpoints. On issues 
that persist, our judicial system attempts to provide a just 
and rational procedure for finding answers. 
For many situations in the past, the problem of differen-
tiating between individual and societal concerns did not arise. 
When settlement was sparser and mobility more limited, human 
interaction occurred less frequently, hence many conflicts did 
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not happen. The greater interaction now and the trend toward increased 
interaction of persons in the future make the issue more apparent. This 
necessitates clarifying as many areas of potential conflict as possible 
without resorting to court action. In general, this requires legisla-
tive action to help clarify those activities that involve only oneself 
or a local group as contrasted to those that involve a statewide 
citizenry. 
Planning for Uses of Land 
Recognition of the need for legislative clarification of individual 
versus societal concerns is evident in numerous facets of life. One of 
these deals with decisions about where to locate phenomena, i.e., how 
to use our land. Thus, state legislatures are attempting to aid the 
citizenry in differentiating between those kinds of locational/land-use 
decisions that possess statewide concern and those that are of only 
local concern. Some differentiating definitions have existed for sev-
eral years. States have specified that areas of an unusual nature be 
preserved as parks for public benefits. Likewise, regulations have at-
tempted to prevent the utilization of waterways in a manner that would 
cause harm to other persons downstream. And, at a more local level, 
manicipal governments have tried to reduce the number of locational con-
flicts that arise when economic and societal demands on the land change. 
These guidelines, established to achieve orderly change with a minimum 
of conflict, have usually taken the form of land use planning. In 
general, though, public planning of the use of our land has been limit-
ed to small areas (urban or county) or to a very few elements in our 
environment. 
More recently most states have realized that additional guidance 
is needed at the regional level to diminish locational conflicts. 
Stated otherwise, the traditional responsibility for planning, which 
has been legislatively delegated by state governments to municipal 
governments, is undergoing reconsideration because of the wider geo-
graphic implications of land use decisions. In recent sessions of the 
Nebraska Legislature this change has been evidenced by the introduc-
tion of bills pertain~ng to various aspects of land use planning and 
resource utilization. Furthermore, current Congressional action in-
dicates that, although still hotly debated, some form of national 
legislation relating to voluntary statewide planning is imminent. 
Therefore, a basic assumption of this study is that the Nebraska Leg-
islature will enact in the near future guidelines for the resolution 
of locational conflicts through statewide land use planning. 
Guidelines for Criticality 
Basic to such legislation is the definition of those areas that 
concern the statewide citizenry as contrasted to locational decisions 
that possess only local impact. As discussed above, some decisions 
are critical because they affect persons far from the site where a 
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change in the land utilization or environment is being proposed. 
Many other decisions do not concern persons other than the 
decision-makers and need not, and should not, involve the gen~ 
eral public. Consequently, the definition of which areas are 
critical and which are not is fundamental to land use planning. 
The immediate purpose of this study, therefore, is to provide 
some guidelines on the problem of defining critical environmental 
areas. 
The purpose of this study can be explained further by dis-
cussing a few things it is not. It is not a definition. delin-
eation, nor description of those specific areas of the state that 
should be declared of critical concern to all Nebraskans. It 
should become abundantly clear to the reader in subsequent chap-
ters that the determination of which particular areas of the 
State are critical under specified conditions is a Herculean 
task requiring the expertise of many persons. Also, this study 
is not a proposal for future legislation pertaining to the de-
finition of critical environmental areas. In fact, the study 
commences with the assumption that legislation will be passed 
that, in general terminology, directs an agency or committee to 
establish a procedure for defining and delineating areas equiva-
lent to "critical environmental areas." Moreover, this study 
should not be considered a packaged prescription for defining 
areas. Although it is hoped that much can be gained by study-
ing the efforts of other states and by noting the status of 
existing resource inventories, procedures adopted by an agency 
or a committee must pertain to its modus operandi. Addition-
ally, the study is not the final statement of fact or philos-
ophy. It is provided as an instrument for guidance, discussion, 
and, hopefully, enlightenment for those persons responsible for 
land use planning decisions and concerned with environmental 
conservation. 
Stated in a positive sense, the specific objectives of 
this study are: 
(1) To collect and summarize information about the task 
of defining critical environmental areas in other states; 
(2) To describe and review some procedures for defining 
criticality and for delineating critical areas; and 
(3) To assemble data pertaining to resource inventories 
in Nebraska. 
The results of Objective 1 are found throughout this report plus 
the references cited in the Bibliography. The two sources men-
tioned most frequently in this report are the one by the Center 
for Natural Areas, Office of International and Environmental 
Programs, Smithsonian Institute (which is abbreviated CEA Ref-
erence Guide in subsequent references in this report)6 and Re-
port Eight of the Critical Resources Information Program (CRIP) 
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by the 19stitude for Environmental Studies, University of Wisconsin-
Madison. Objective 2 is achieved in Chapter II where the issue of 
"criticality" is examined and in Chapter IV when some successful pro-
cesses for delineating critical areas are described. Chapter III, 
which discusses several elements of lithe environment" and reports on 
the inventors status of each in Nebraska, deals particularly with 
Objective 3. 
"Critical Environmental Areas" 
General Definitions 
The phrase "critical environmental areas" (hereafter termed 
CEA) is the general expression for a variety of terms used by leg-
islators and others. To gain an appreciation for the commonality 
of elements as well as the range of phenomena considered under this 
phrase various definitions are discussed here. 
The U.S. Senate in its land use policy and planning bill (93rd 
Congress) defined CEA as follows: 
Areas of critical environmental concern means areas as 
defined and designated by the State on non-federal lands 
where uncontrolled or incompatible development could re-
sult in damage to the environment, life or property, or 
the long term public interest which is of more than local 
significance. Such areas, subject to state definition of 
their extent, shall include--
I. 1/ Fragil e or his tori c 1 ands" where uncontro 11 ed or i n-
compatible damage to important historic, cultural, 
scientific, or esthetic values or natural systems 
which are of more than local significance, such lands 
to include shorelands of rivers, lakes, and streams; 
rare of valuable ecosystems and geological formations; 
significant wildlife habitats; and unique scenic or 
historic areas; 
2. "Natural hazard lands ll where uncontrolled or incompa-
tible development could unreasonably endanger life and 
property, such lands to include flood plains, and areas 
frequently subject to weather disasters, areas of un-
stable geological, ice, or snow formations, and areas 
with high seismic or volcanic activity; 
3. IIHenewable resource lands" where uncontrolled or in-
compatible development which results in the loss or 
reduction of continued long-range productivity could 
endanger future water, food, and fiber requirements of 
more than local concern, such lands to include water-
shed lands, aquifers and aquifer recharge areas, and 
significant agricultural and grazing lands, and forest 
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lands; and 
4. Such additional areas as the State degermines to 
be of critical environmental concern. 
In 1970 the California Legislature requested that an Environ-
mental Goals and Policy Report be prepared. 10 The Report included 
the following comments and particulars about environmental re-
sources: 
Of all environmental decisions that must be made per-
haps the most important in determining the shape of the 
future are those connected with land use. 
Our rate of resource utilization expands sometimes at 
a geometrical ratio, as our economy grows. It is rea-
sonable that decisions about resource allocation be 
made before development takes place. 
This section focuses on those areas of natural re-
source values that need to be carefully reviewed be-
fore decisions are made to change current land use. 
Resource areas are divided into three major groups: 
1. Those natural areas which are pleasant to behold, 
afford us opportunities to observe nature's pro-
cesses, provide us opportunities for recreation 
and pursuit of outdoor activities or provide us 
with material for study in order to gain a better 
understanding of the world in which we live. Such 
areas are designated "Scenic, Scientific, Educa-
tional and Recreational Resource Areas"; 
2. Areas which provide us with the raw materials nec-
essary to maintain our economy; such areas are 
called "Resource Production Areas"; and 
3. Areas (and natural phenomenon (sic)) which threaten 
our lives and property; such areas are designated 
"Hazardous Areas II • 
Within each group, resources of like nature, are as-
sembled into categories. 
Scenic, Scientific, Educational and Recreational Re-
source Areas include: 
1. Park, Reserve and Wilderness Areas 
2. Recreation, Access and Connecting Links 
3. Historic, Archaeological and Cultural Areas 
4. Wildlife Habitats 
5. Open Space Surrounding Metropolitan Areas 
Resource Production Areas include: 
1. Forest Lands 
2. Agricultural Lands 
3. Mineral Areas 
4. Water Sources 
5. Energy Sources 
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Hazardous Areas include: 
1. Geologic Hazard Areas 
2. Fire Hazard Areas 
3. Flood Prone Areas 
4. Critical Air Areas. 
Numerous other examples, besides those of the U.S. Senate and of 
California, are available, but it is unnecessary to copy all of them 
because they generally include certain common elements. These have 
been summarized well in the CEA Reference Guide, so the following list 
is modified from that source:TT 
1. Special uses for society. Most acts stress the special impor-
tance of the areas in meeting human needs, i.e., those of economic, 
protective, recreational, aesthetic, and educational needs. 
2. Threat of irreversible harm. Concern with irreparable damage 
(e.g., the removal of topsoil, the extinction of some species) is ex-
pressed in many acts. The National Environmental Policy Act of 1969 
requires that every environmental impact statement consider " ... any 
irreversible and irretrievable commitments of resources which would 
be involved in the proposed action should it be implemented."12 
3. Special values for preservation. Many acts emphasize the 
fragile aspect of certain natural lands and the need to preserve them 
for scientific and related purposes. For example, the Wisconsin Sci-
entific Areas Program defines natural areas as "tracts of land or 
water in an essentially natural state (which are) set aside and dedi-
cated to scientific research, the teaching of conservation and na-
tural history, and especi~llY to the preservation of natural values 
for future generations." 
4. Hazards to humans. Some definitions include areas that pre-
sent particular hazards such as those arising from floods and earth-
quakes. For example, the enumeration of CEA in the California report 
(see above) included a class of "hazardous areas. 1I 
5. Matters of greater than local significance. This is a key 
characteristic in most legislation dealing with the preservation of 
the environment. As discussed above, it is not easy to obtain agree-
ment about what is strictly "local" and what concerns more than just 
local residents, but recognition of our very great interdependency 
is important when considering this issue. 
6. Adequacy of existing controls. This is linked to that fact 
that some matters have greater than local significance (see #5). In 
general, local controls adopted with a local perspective have not been 
adequate to protect critical areas where the principal benefits and/or 
burdens of the area occur outside the jurisdictional boundaries of the 
local government entrusted with regulatory responsibility. CEA fre-
quently consist of phenomena that are not located conveniently within 
the boundaries of a single governmental unit or jurisdictional agency. 
7. Preservation of resources for the future. It is implied, if 
not stated explicitly, in much legislative action that the necessity 
for special care of areas is caused by concern for future needs as 
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well as for present generations. In many situations, overwhelming 
current needs for use of an area in a given manner will be evidenced 
in the marketplace where the highest bidder determines the activity. 
It is the long-range need, which is not represented adequately in 
the marketplace, that requires special consideration and protection. 
8. Need to distinguish between merely important and truly cri-
tical areas. Fundamental to the concept of CEA is that some areas 
are truly IIcritical li and need to be distinguished from other areas 
that do not requi re as much special attention (i. e., only lIimpor-
tant ll areas). The problems and techniques associated with the de-
finition of criticality, including varying degrees of criticality, 
are considered in Chapter II. 
9. Assessment of the sensitivity of areas. This element, which 
is closely related to #8, is illustrated by a Missouri effort to 
classify areas into three levels: 
Class 1. Sensitive Areas possess an environmental and 
physical nature rendering them sensitive to uncon-
trolled growth and development. If they were to 
experience rapid growth with their present status 
of development controls, they would have severe 
environmental problems. 
Class 2. Potentially Critical Areas are sensitive areas 
that, because of development that has taken place, 
are experiencing problems. As they continue to 
grow, they will experience more problems at a rate 
reflective of the pace of growth and their present 
state of development controls. 
Class 3. Critical Areas are sensitive areas that, be-
cause of the results of development that has (sic) 
taken place, are experiencing probli~s at a scale 
that calls for immediate attention. 
It should be recognized that various levels of specification 
may also apply to the definition of CEA. The CEA Reference Guide 
identified three principal levels: 
(1) A simple listing of general classes of CEA similar 
to those discussed above (e.g., wetlands, agricul-
tural land, scenic areas); 
(2) A more detailed listing of classes of CEA with a 
statement of uses for each, criteria for identi-
fying the, and procedures for identifying them; 
and 
(3) A most detailed listing of classes and subclasses 
of CEA with their relative importance specified 
and accompanied by large-scale maps showing precise 
earth locations. 15 
Because the phrase, IIcritical environmental areas,1I can apply to 
any of these levels, it is necessary to realize the context of 
its usage to prevent confusion in reading about the topic. 
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Contrast with Resource Inventories 
It is important to note that CEA are not synonymous with re-
source inventories. This distinction is not immediately obvious, 
though, because there are several similarities. Resource inventories 
usually provide information about the spatial variations of selected 
phenomena for a state. Inventories frequently include natural phe-
nomena such as soils, vegetation, surface water, groundwater, and 
wildlife; they may also include cultural features that are part of 
the physical environment, e.g., historic areas and buildings, 
archeological sites, and architectural structures. All of these 
phenomena are common to CEA; thus differences between resource in-
ventories and CEA are not based on what is examined. Secondly, re-
source inventories, like CEA, are geographically based. Often the 
phenomena are mapped to show the spatial distribution of varying 
amounts or kinds of phenomena. A few states have comprehensive 
data banks with computer storage of facts about phenomena for all 
places keyed to a geographic grid. 16 A third similarity is that 
of resource inventories must involve some degree of descriptive 
classification or measurement. This may be only a nominal classi-
fication (e.g., areas where an animal ranges versus where it does 
not, discrete historic sites) or it may be one that employs several 
classes (e.g., soil types, classes of stream flow). 
The contrast between resource inventories and CEA occurs be-
cause the latter delineates areas possessing specified character-
istics that are valued above other areas according to established 
criteria. Sometimes a map showing the distribution of a given re-
source can be converted into one representing CEA by designating the 
criticality criterion to coincide with a resource class. For example, 
if all nesting areas of a rare bird were declared critical, then a 
map showing the location of nesting places could be easily converted 
to show this type of CEA. In other cases, though, delineation of 
CEA will depend upon more evaluation than the resource inventories 
provide. If one type of CEA were defined on a combination of scenic 
values, historic importance, and alternative land use, then the de-
lineation becomes more complex than copying the areas from a single 
resource map. 
A second contrast is the inclusion of hazardous areas in the 
designation of CEA. Although floodplains, fault zones, and regions 
subject to high probabilities of drought may be mapped, these are 
seldom .,termed "resources. 1I Furthermore, it should be noted that a 
map may depict an area, for example, subject to air pollution from 
a man~made structure, but the area receiving the polluted particles 
would not be designated a CEA because the problem does not result 
from the inherent qualities of that piece of the earth's surface. 
This, of course, reemphasizes the geographical basis for designating 
critical environmental areas. 
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Also, designating CEA implies a more comprehensive proce-
dure than identifying resources because an overall CEA program 
includes thI7 three elements of identification, designation, and management. Identification involves the initial step of se-
lecting potential CEA, so it may depend heavily upon a resource 
inventory. To illustrate, one might depend upon the map of Ne-
braska's wetlands for an initial identification of all possible 
areas that might need special care and preservation. The next 
element requires the selective designation, or the formal de-
claration, of specific areas as CEA. Here actual areas with 
wetlands would be delineated and declared official CEA. (It is 
the procedure for this selective phase that is stressed in this 
report.) The third element in a total program, of course, re-
quires managing the areas so the preservation objectives are 
achieved. Thus, although a comprehensive set of resource inven-
tories can be very valuable for the task of delineating CEA, the 
inventories are only one kind of input into the total program of 
defining critical environmental areas. 
In summary, critical environmental areas are geographically 
delineated places that have been designated by the State as areas 
needing special management because their uses possess more than 
local importance. This report is an attempt to provide informa-
tion to persons responsible for defining critical environmental 
areas in Nebraska. It is hoped that such information will aid 
in future land use legislation and, consequently, benefit rural 
development and improve the life of all Nebraskans. 
CHAPTER II: WHAT IS CRITICAL? 
Problems of Definition 
Proportion of Area 
Critical environmental areas are geographically delineated 
places designated by the State to receive special and particular 
consideration for reasons that incompatible and harmful uses of the 
land can cause damage to the environment having more than local im-
portance. The concept implies that some areas are unique or dis-
tinctive in contrast with the majority of the land. Consistent 
with thise concept of unique or critical areas, then, is the de-
lineation of a small proportion of the total land area. Any 
classificatory scheme that placed a large percentage of the 
State's land area in CEA would reduce the meaning of II critical ll 
areas. Thus, although prime agricultural lands are recognized 
as a major resource in Nebraska, it would contradict the idea of 
uniqueness to classify all these agricultural lands as CEA. Even 
the smaller area of the Sandhills, which can be considered dis-
tinctive and somewhat fragile, probably represents a larger per-
centage of the State than should be delineated as an area for very 
special attention. 
The necessity of restricting CEA to a small proportion of the 
total area of the State inevitably leads to establishing a scheme 
that forces decision-makers to assign priority ratings to potential 
CEA. However the problem about how restrictive to make the priori-
tization arises. Florida's program limits the CEA to no more than 
five per cent of that state's total area, but this limiting factor 
has to be decided within the context of each state. Thus, the de-
finition of CEA in Nebraska must deal with this problem of an ap-
propriate proportion of the State's area. 
Scarcity and Sufficiency 
Another factor that compounds the problem of identifying cri-
tical areas results from their selection on the basis of both 
scarcity and sufficiency. As described above, many CEA are de-
lineated because they encompass areas with rare or scarce phe-
nomena, and their rarity contributes to the criticality classi-
fication. However, in the case of some resources extreme rarity 
prevents the designation of a critical area. For example, it is 
unlikely that CEA delineated on the basis of mineral resources in 
Nebraska will include regions with coal seams because1the known 
coal deposits are too small for economic utilization. Likewise, 
the limited size of a forested area might eliminate its inclusion 
with CEA on the basis of commercial lumbering. These illustra-
tions, which suggest the role of scale and use, demonstrate that 
establishing critical environmental areas cannot always be defined 
by scarci ty. 
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Scale of Comparison 
As noted above, definition of CEA involves the absolute size 
of an area; but when the size of an area is compared to other areas 
in a relative sense, it becomes a problem of scale. At first glance 
it appears that the answer is apparent from the fact that CEA are 
defined by statewide concerns, thus, CEA are those areas within the 
boundaries of Nebraska that are most critical relative to all other 
areas in the State. However, certain phenomena may be common at the 
state level but rare for the nation as a whole. For example, 
Nebraska has extensively distributed areas where abundant ground-
water is available, so it is unlikely that all these areas would be 
classified as CEA at the state level of comparison. However, when 
the scale of comparison is national, then those same Nebraska areas 
become more important because of the greater scarcity of groundwater 
in some other states. Conversely, large lakes and shorelines are 
common to many parts of the nation, but large water bodies are re-
garded as unusual in Nebraska. 
This same kind of shift in relative importance of a specific 
area depending upon the scale of total area with which it is com-
pared also occurs within the state. Open spaces with IIwilderness ll 
characteristics are fairly common to Nebraska as a whole, so a tract 
of land with sparse settlement, for example, in the Sandhills is 
not very unique. However, a parcel of land of the same size and 
having similar characteristics located in Douglas, Sarpy, or Lan-
caster Counties may be considered an important area for preserva-
tion. This, in fact, introduces the fact that distance or relative 
location is an important element in defining CEA. Some states in-
clude distance from urban centers or other kinds of development as 
a criterion for identifying critical areas. Irrespective of the 
manner in which scale is incorporated into the evaluative process, 
it is a factor that affects the rating of priority areas. 
Multiple Potential Uses 
It was stated above that a wooded area of limited size pro-
bably would not qualify for inclusion as a CEA on the merits of its 
commercial lumber. This does not deny its value, though, as an 
area for scientific uses if it were virgin timber with a variety 
of species growing under several ecological conditions. This il-
lustrates that the definition of CEA is a function of use. Whether 
a specific area should be declared IIcritical ll because of statewide 
concern about its use depends upon its present and potential uses. 
Indeed, the very rationale for planning and setting aside a parcel 
of land is to preserve or restrict the kinds of uses occurring at 
that location. 
Difficulty in defining CEA on the basis of potential uses, 
however, occurs because a nearly unl imited numbe.r of uses might be. 
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considered for a unit of land. To illustrate, the uses of the 
narrow plain bordering a stream may range from being an overflow 
area for flood waters to agriculture, recreation, transportation, 
industrial sites, etc. This multitude of potential uses for each 
unit of area creates an enormous demand for data. That is, all 
areas must be evaluated for all potential uses so that a few cri-
tical areas can be selected. This data problem ;s undoubtedly a 
reason for the greater number of existing resource inventories 
than data systems organized by potential uses. For example, it is 
easier to show the distribution of soil resources by soil type, or 
even by potentials for agricultural use, than preparing numerous 
maps that show areal variations in soils according to all potential 
uses. Likewise, it is simpler to collect and store areal data on 
water quantity and qual ity than record all the variations in water 
according to its many uses for each areal unit. 
Another problem, then, is the degree to which critical areas 
are defined by their potential uses. On the one hand, the meaning 
of criticality is highly use-oriented; but any definition built on 
the multitude of possible uses greatly expands the data require-
ments. On the other hand, to build a definition only on resource 
inventories or similar data that record existing phenomena at 
places reduces the benefits derived from planning future land uses. 
Thus, persons responsible for designing a scheme for identifying 
critical areas must decide, with these conflicting circumstances in 
mind, the degree to which potential uses can be included in their 
defining criteria. 
Attractiveness and Avoidance 
Another problem whi ch confronts persons who attempt to tdentify 
CEA pertains to general definitions thatinclude hazardous are.as. 
As explained in Chapter I, state legislatures and others have de~ 
fined "critical environmental areas" in varying terms? so hazardous 
areas have not been included in all definitions. When hazardous 
areas are considered part of the state's critical environmental 
areas, the method of del ineati ng CEA is complicated because the re-
lationshtps between people and the environment are viewed from 
opposing perspectives~ One group of CEA are designated to protect 
the environmental features from the destructive actions of human 
beings. Another group, though, are identified for the purpose of 
protecting humans from natural calami.ties. For example, a flood-
plain may be declared one of the CEA because frequent flooding 
makes it a hazardous area or, in contrast, because it.;s the habitat 
for an endangered animal. As in this example, these two approaches 
may not produce contradictions, i.e., the floodplain may be avoided 
as a location for industry and residences and it can be valued 
as a wildl ife refuge. Neverthel ess, the procedure for evaluating 
the criticality of an area may be complicated when both "attrac-" 
tiveness ll and Ifavoidance" factors are included. 
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Cumulative Measures 
The example of the floodplain that might be designated "a critical 
environmental area" on the basis of two different approaches also illu-
strates the problem of cumulating "amounts of critical ity. II Suppose the 
floodplain were subject to occasional flooding but not to the extent or 
frequency of many other areas of the state, hence it is not given top 
priority in terms of hazardous areas. It is the habitat for an endan-
gered animal but not the primary habitat area in the state. Also it is 
located in the scenic valley of a stream that is valued by canoeists, 
but it is not the favorite stream-related recreational site in the state. 
Although the floodplain is not the "top candidate" for designation as one 
of the state1s CEA on the basis of a single factor, does it merit deli-
neation when these three factors are combined? This question may be 
answered when a specific rating scheme for evaluating criticality is 
employed (see the following section of this report). But it illustrates 
a fundamental problem about what consitutes a critical area, which needs 
to be faced by those persons responsible for developing a rating scheme. 
Combination of Expert and Lay Judgment 
This report commences with the assumption that the State Legislature 
has assigned the task of defining and delineating critical environmental 
areas to some agency (e.g., State Office of Planning and Programming). 
Such an assignment to a state agency should insure that persons know-
ledgeable about resources of Nebraska and about persons in other state 
agencies with expertise are involved with evaluating CEA. Certainly this 
complex task requires the input of experts who best understand the qua-
litative and quantitative variations of environmental phenomena in 
Nebraska. Professionals may be required to locate fault lines, the height 
of lOO-year floods, principal zones of groundwater recharge, and similar 
areas. 
In addition to technical information, the procedure for identifying 
CEA must depend significantly upon the evaluations by the lay persons of 
the state. In essence, CEA are areas about which there is statewide 
concern, so a statewide perspective is needed to identify critical areas. 
This means that input must be obtained from a wide variety of agencies, 
organizations, action groups, and individuals. Not only is a broad re-
presentation necessary to maintain a statewide perspective, but designa-
tion of CEA based on a diversity of opinions is more likely to receive 
general acceptance than one furnished by a single governmental agency. 
The problem involves the methods for achieving a balance and inte-
gration of input from "experts II and lay persons. Al though there are 
reasons for including lay persons in decision-making meetings, the out-
comes should not depend unilaterally on unstructured meetings, some of 
which may be emotional and/or contradictory. Thus, one of the problems 
in defining CEA relates to the best method for integrating these expert 
and lay perspectives and levels of technical skills. In discussing this 
issue the CEA Reference Guide states: 
... the planning agency should early in the 
program define what is meant by citizen parti-
cipation and how to seek it. Is participation 
accomplished through formal mechanisms such as 
a statewide citizens advisory councilor a 
series of regional citizen and advisory groups? 
Are there existing citizen mechanisms which may 
be tapped or are new arrangements necessary? 
Should participation be sought through a series 
of public hearings and discussions of data and 
findings as the program evolves?2 
Underlying Assumptions 
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Another fundamental problem concerns the value system within 
which criticality is evaluated. Most persons would agree that 
land use decisions should produce results that are rational, de-
sirable, and for the general good of society. Conflicting values 
are manifested, though, when criticality criteria are selected. 
In the past high priority was given to land uses that produced 
economic returns, particularly ones that yielded prompt benefits. 
But this priority may be at odds with the environmental system, 
which is supported by a different set of priorites. To illustrate 
further, certain sites may possess valuable archeological remains 
and be important for scientific studies yet they may not be pre-
served because the sites lack other characteristics that would 
make them popular tourist areas. 3 Questions about the primary 
value system and its supportive priorities, therefore, must be 
faced when establishing criticality criteria. 
Summary 
This section has focused on some of the preliminary decisions 
necessary for defining critical environmental areas. These 
decisions have not dealt with techniques for measuring criticality 
(see next section), but rather, with the basic nature of criti-
cality. A summarizing list of questions discussed above reveals 
the kind of problems that should be considered when establishing 
a procedure for defining CEA. Does the concept of criticality 
- require priorities so that only a small proportion of 
the total area may be defined as critical? 
- recognize that CEA may be identified because of suf-
ficiency as well as scarcity? 
- consider comparative importance of areas at various 
scales? 
- consider the potential uses of areas as well as the 
existing phenomena? 
- include avoidance factors that distinguish hazardous 
areas as well as factors of attraction? 
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- permit a cumulative definition based on several im-
portant phenomena? 
- insure that it will be defined by a variety of state-
wide perspectives? 
- consider the value system in which it is evaluated? 
Ways these questions have been answered, whether verbalized 
explicitly or not, in other states have varied, as will be noted in 
subsequent parts of this report. Not only is there variation in 
answers to these questions, but additional questions could be in-
cluded (e.g., Does the definitional procedure allow for future flex-
ibility?). Even though unanimity of responses to this set of ques-
tions is not available and additional questions could be posed, this 
section has emphasized the need for careful consideration of funda-
mental objectives when defining criticality. The lack of such con-
sideration will weaken any attempts to justify specific techniques 
{see below} for rating criticality. 
Rating Schemes 
The path commencing with a general legislative directive to 
define critical environmental areas and ending with large-scale 
maps that precisely delineate such areas is tortuous. Some of the 
preliminary conceptual problems are discussed in the preceding sec-
tion, and overall procedures for traveling the path are explained 
in Chapter IV. In this section, though, specific methods for deter-
mining degrees of criticality are examined. 
The fundamental issue is illustrated by the comments in one re-
port about the attempts to evaluate the relative importance of areas 
according to their scenic values. 
The concern here stems from a belief that certain 
natural areas contain such great aesthetic qualities 
as to be worthy of preservation for present and future 
generations. The major difficulty stems from the lack 
of a definitional consensus and methodology for deter-
mining aesthetic quality. 
The path to scenic area analysis is littered with 
a plethora of approaches and investigators. One sus-
pects, but cannot prove, that the number of attempts is 
positively (and perversely) cornelated with the diffi-
culty of the task. The problem rests with the nature 
of the beast--beauty is still in the eye of the beholder. 
This, combined with the extremely large number of ob-jects and landscapes to which the term "scenic" is 
applied, militates against the development of one uni-
versally applicable assessment methodology. 
Still, if scenic areas are to be protected 
from degradation, some method must be devised to 
differentiate the truly outstanding from the 
mediocre. 4 
Although a satisfactory assessment methodology for scenic areas 
have been developed in recent years (see III-J), this quotation 
still illustrates the fundamental problem: no matter how dif-
ficult they are to measure, areas must be rated so that the 
most critical ones can be differentiated. 
Delineation of Areas 
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Often the assessor must delimit the precise area to which 
the classification applies. This task is realized when, for 
example, the range of an animal is outlined on a map. The de-
cision-maker marks a line on the map that represents the sepa-
ration of all earth locations where the phenomenon exists from 
those places where it does not exist. Assume for the moment 
that the spatial behavior of each individual member of the 
animal species is known so all earth locations can be correctly 
categorized as part, or not part, of the animal's range. There 
still remains a problem about the degree of areal generality/ 
complexity desired in the map. Are small "islands" wh·ere the 
animal is common but which are spatially separated from the 
animal's major territory included? Or, conversely, are the 
"pockets" to be shown where the animal seldom exists but which 
are located within the general range? Is each lIisland ll and 
IIpocketll displayed on a map, or are several grouped together 
when occurring in a cluster, or are most of the smaller ones 
omitted? This problem may seem like one for the cartographer 
who selects a scale for the base map. Although the problem of 
constructing the map does concern the cartographer, the fun-
damental problem of areal generality/complexity must be faced 
by the assessor. 
The issue of areal generality/complexity is illustrated 
here for a phenomenon occurring over an area of land. The 
problem may not seem as acute when mapping point data. For 
example, to show the location of historic sites on a small-
scale map of the state requires only a small symbol at the 
approximate spot. However, of one of these sites is officially 
designated a critical environmental area, then detailed de-
scriptions and maps of the exact earth area must be produced 
to regulate the use of the land. Thus, at this large-scale 
investigation the question again becomes one that deals with 
the areal extent of the site, i.e., separating where the 
historic site exists from the area not classified as historic. 
This problem pertaining to degree of areal generality/ 
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complexity can be answered prior to collecting and classifying 
data. This is accomplished by specifying the areal unit~ e.g., 
a square mile coinciding with the Land Survey System, to be 
classified according to the existence or non-existence of the 
phenomenon under study.5 If this scheme is followed, then each 
areal unit of the state is classified according to whatever 
scheme is being used (see below). Certainly a standardized areal 
unit simplifies the collection of data. For example, the inven-
tory scheme of New York State uses a grid of cells, each a 
kilometer square, organized on the Universal Transverse Mercator 
reference system. This simplifies data handling because each 
areal unit carries its own classification of land uses, natural 
resources, and other supplemental characteristics. 6 
Designating an areal unit (whether it is a square mile, 
square kilometer, or other convenient quadrat) prior to rating 
the phenomena eliminates some of the subjectivity in delineating 
critical areas, but it fails to subdue pesky problems. Of major 
importance is its dependence on a very detailed data and inven-
tory system at an early stage in the process of identifying CEA. 
The difficulties of preparing the organizational scheme and of 
accumulating all the data facts may delay the designation of 
CEA much longer than by more individualized delineation methods. 
(This statement does not ignore the land classification by 10-
acre squares achieved for Nebraska Resources Districts by the 
Remote Sensing Center; but, as explained in Chapter I, those 
data are not comprehensive enough for defining CEA.) Also, 
fitting phenomena into grid units may impose rather artificial 
boundaries around some phenomena. 
Dichotomous Classification 
The simplest form of differentiating areas is a dichotomous 
classification of a single phenomenon. Because it is easier to 
create rating shcemes based on one phenomenon, these schemes are 
described first; later those that combine several phenomena are 
discussed. Schemes that classify area into two kinds do so by 
indicating where the selected phenomenon does and does not exist. 
Maps that show the locations of historic sites (which are symbo-
lized differently from the area without historic sites), the 
range of an animal~ or the location of fault lines illustrate 
this form of differentiation. The primary decision made at each 
location or for each areal unit is this: Does the phenomenon 
exist here? The fact that this is the simplest form of rating 
criticality does not necessarily mean the decisions are easy. 
Whether a specific structure truly rates a "historic" designation 
depends upon many considerations. Whether an animal frequents 
a particular place enough to map that area as part of its range 
is often difficult to assess. And similarly with most phenomena, 
making these fundamental classificatory decisions can be frus-
trating and quite exhausting. 
Nominal Classes 
A second type of scheme differentiates areas nominally by 
using more than two classes of the phenomenon. It is similar 
to a dichotomous scheme except for the fact that areas are 
grouped into multiple, unranked categories. It entails clas-
sifying areas where the phenomenon exists into subgroups. For 
example, historic sites could be differentiated as those with 
buildings or those where a memorable event occurred. Likewise, 
a map depicting wildlife territories could show the areas 
where several different animals range. Using this type of 
scheme refines a dichotomous one because it requires that these 
qualitative distinctions be made when assessing the phenomenon 
for subgrouping. 
If areal units are operationally defined as possessing 
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one and only one kind of phenomenon, then the number of areal 
subclasses will be no greater than the number of phenomenal 
subgroups. If, however, this constraint is not imposed, then 
the spatial distinctions rapidly become much more complex. This 
is because each additional subclass of the phenomenon creates 
several more areal subclasses. For example, using the sub-
classes of historic sites mentioned above, areas will show 
those with buildings only, those associated with events only, 
and those possessing both. Similarly, the map of three wild-
life subgroups, e.g., groups of ferret, fox, and lemming, will 
reveal the following areas: ferret only, fox only, lemming 
only, ferret-fox, ferret-lemming, fox-lemming, and ferret-fox-
lemming plus the one with no wildlife. From four phenomenal 
subgroups, sixteen areal categories are created: for a greater 
number of phenomenal subgroups, the area subgroups rise expo-
nentially. 
Ranking Scheme 
A more refined type of scheme distinguishes among sub-
classes by ranking them. This scheme conveys more information 
than the other two because it orders the subgroups according 
to some criterion that provides a comparison. For example, 
historic sites may be ranked qualitatively by "significance" 
into national, state, or local classes. 7 A map showing the 
range of deer in Nebraska by four density classes also illus-
trates a ranking scheme, but one produced by quantitative data. 8 
A rating scheme utilizing ranked (or, ordinal) data can 
greatly aid in defining and delineating critical environmental 
areas. This is because it forces a comparison, which is 
essential to defining criticality. In contrast to those schemes 
that just reveal the existence of a phenomenon or its sub-
classes, this scheme provides a first step toward indicating 
which areas are most important. 
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This scheme, like the other less refined types, is limited 
by the fact that the results for several phenomena, or on multi-
ple characteristics, cannot be combined easily. Although the 
discussion so far in this section has dealt only with differen-
tiating one phenomenon, the merits of each scheme must include 
its potential for becoming a part of a combined index of criti-
cality. In this respect, the scheme using ordinal data is 
limited because numerical rankings cannot be manipulated alge-
braicly. This is because the true interval between ranks is 
unknown. A hypothetical example can demonstrate this point (see 
Table II-I). Three areas, A, B, and C, are ranked according to 
TABLE II-I: HYPOTHETICAL RANKING 
Rank by Phenomenon "True ll Results 
Area 
Name I II Case #1 Case #2 
A Best (10) Poorest (2) 12 16 
B Middle (3) Middle (3) 6 12 
C Poorest (1) Best (4) 5 13 
Phenomenon I and Phenomenon II. An index that combines the judg-
ments of the two phenomena is desired. The question is this: 
What is the comparative importance of areas A, B, and C as mea-
sured by the combinations Best-Poorest (A), Poorest-Best (C) and 
Middle-Middle (B)? It would seem that the Best-Poorest and 
Poorest-Best combinations surely must be equal, and maybe even 
equivalent to the Middle-Middle category. However, assume that 
the "true" values are those shown in parentheses. These "true" 
values, of course, are not used in a ranking scheme (in fact, 
often they are unknown), but here they are assumed as the "true" 
or "actual" measurement for demonstration purposes. According 
to these IItrue" values, the areas are ranked A, B, and C be-
cause the combined values are 12,6, and 5 respectively (Case #1). 
Therefore, what appears to be a tie among the three areas when 
only ranks are combined is lIactuallyll incorrect. The difficulty 
in combining ranked data is demonstrated more dramatically (Case 
#2) when Phenomenon II is regarded by assessors as three times 
more important than Phenomenon I in the formation of a combined 
index. According to ranks only, Area C might be interpreted as 
better than Area A when the phenomena are combined because 
Poorest-Best-Best-Best seems superior to Best-Poorest-Poorest-
Poorest. This conclusion is erroneous, though, because the large, 
IItrue ll interval between Areas A and C for Phenomenon I (i .e .. , 10 
- 1) more than compensates for the added importance assigned to 
Phenomenon II (i.e., having values of 2 and 4, each of which is 
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multiplied by 3). In Case #2, therefore, the true ranking is A (16), 
C (13), and B (12), an order not revealed by using only the ordinal 
data. Unfortunately this kind of error is committed too frequently 
in designing and operating schemes. 
Interval Data 
A fourth rating type differentiates areas by measuring values 
that characterize the phenomenon along an interval scale. The na-
ture of this type can be illustrated by using the same phenomena as 
above. If age were deemed an important attribute of historic sites, 
they could be differentiated by number of years is existence. In 
the case of density of wildlife, the density values reported for 
deer could be retained rather than converting them into ranked data, 
as described above. Values measured on an interval scale, espe-
cially one for which a zero value corresponds to a meaningful mea-
surement of the phenomenon (i.e., a ratio scale), can be mathemati-
cally manipulated to obtain indexes involving many phenomena. This 
capability is beneficial when considering CEA because they are nor-
mally defined in terms of multiple criteria. 
Problem of precise data. 
Declaring the advantages of a rating scheme using an interval 
scale is easier said than done. Difficulties in achieving the 
necessary measurements often hamper efforts to utilize this kind of 
rating scheme. One problem is the dependence on more precise data 
than are usually accessible to assessors. In Chapter III the status 
of data collected and inventoried on several phenomena in Nebraska 
is reviewed, so existing gaps are noted there. It is sufficient to 
noted here that seldom are adequate data available at the statewide 
level for a complete identification of CEA. 
Problem of standard measure. 
A second difficulty in using any kind of measurements arises 
from uncertainty about what is the standard measure. To a certain 
extent, this problem applies to all schemes; even a nominal classi-
fication requires knowledge about the standard definition before the 
existence or nonexistence of a phenomenon can be decided. Uncertain-
ty about the standard, though, is probably most obvious when rating a 
phenomenon according to an interval scale of values because a lack of 
continuum or wide range of values makes it impossible to interpret a 
specific score. 
Difficulties encountered in an envir~nmental appraisal of Ne-
braska counties illustrates this problem. For each county a com-
mittee was asked to rate the entire county as a single entity on a 
scale of 0 to 10 according to selected environmental features such 
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as climate, soils, scenery, etc., for specified recreational uses. 
A comparison of the ratings by fourteen committee for fourteen 
counties on climate and scenery as related to vacation sites (Table 
11-2) shows the effects of fourteen independently-based scales. 
TABLE 11-2: RATING OF CLIMATE AND SCENERY FOR 
VACATION SITES IN SELECTED NEBRASKA COUNTIES 
County Cl ima te Scenery 
Holt 8 8 
Knox 7 6 
Madison 5 4 
Platte 4 5 
Butler 7 7 
Lancaster 7 7 
Cass 7 8 
Otoe 5 8 
Nemaha 5 6 
Johnson 6 7 
Gage 5 7 
Jefferson 6 5 
Thayer 6 4 
Fillmore 6 3 
Without being forced to compare places, the assessors do not reveal 
the range in their standards. If the climate in Holt County is 8, 
then what are the characteristics of a climate rated 0 or 10? How 
does the 8 compare with the 5 for nearby Madison County? Does a 
10 correspond to the best climate in Nebraska, in the United States, 
in the world, or a hypothetical lIideal li climate? The assessors 
were not forced to evaluate the climates at numerous locations, 
either within the one county or for a variety of counties; there-
fore, the single score cannot be interpreted nor utilized in deter-
mining relative criticality. 
One attempt to minimize this problem in defining CEA is explain-
ed in the CRIP report. Areas that possess a high quality of some re-
source may be IInominated li as potential CEA, which need further evalu-
ation to determine whether they should be designated officially as 
CEA. Each potential critical area is assessed in detail (by a tech-
nique described in Chapter IV) to obtain a criticality score for each 
of the several different possible uses. These criticality scores are 
interpreted by comparing them with standard scores for the entire state. 
The relative criticality of all the areas assessed at the 
detailed level can be determined by a direct comparison 
of the resulting criticality scores. However, since the 
areas selected for analysis will be of high quality, 
this range of criticality scores will not encompass 
all varying degrees of quality across the state. To 
decide if the resulting score for a resource use im-
plies actual criticality, this score must be compared 
to a continuum of such scores representing the range 
and distribution of criticality scores for that use 
within Wisconsin. 
The entire land area of the state could be assessed 
at the detailed level for the resource use in ques-
tion. This is an impractical task for most signifi-
cant resources. However, the assessment of a large 
number of sample areas throughout the state, selected 
in an unbiased fashion, can produce a continuum which 
agrees in all important respects with the actual 
statewide continuum. IO This continuum of sample 
areas can be substituted for the statewide continuum 
and can be used to determine the relative criticality 
of the area in question. II 
Problem of minimum requirements. 
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Even after all potential CEA are measured and assigned appro-
priate numerical values, the problem about what values indicate truly 
critical areas still remains. The CRIP team solved this by speci-
fying a "critical threshold" based on the numerical range and fre-
quency distribution of the values. They described this step as 
follows: 
The final step in criticality assessment is that of 
separating critical areas from noncritical areas. 
This is done by choosing a criticality threshold for 
each resource use. All areas with a criticality 
score for a particular use above the corresponsing 
threshold will be considered critical for that use. 
The investigators recognize that the ~ priori ex-
istence of any criticality threshold is unlikely. 
The initial choice of any criticality threshold will 
be determined by the distribution of criticality 
scores within the corresponding criticality con-
tinuum. The predominant distribution expected is 
the "normal" or Gaussian distribution, although bi-
modal distributions may also occur. . .. For a 
"normal" distribution of scores on the criticality 
continuum, the investigators recommend that the in-
flection point nearest the higher criticality scores 
be chosen as the initial criticality threshold. In 
the case of a bimodal distribution, the cI~tral lo-
cal minimum should be selected initially. 
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The authors then explain that the final choice of the criticality 
threshold should be based on the proportion of the state area to 
be designated in CEA as expressed by governing bodies, advisory 
committees and agencies, and the attitude of the public toward the 
protection of critical environmental areas. 
Problem of quantification. 
A major deterrent to the adoption of a rating scheme based on 
an interval scale is the burden of quantifying many phenomena. Many 
aspects of criticality are conceptual, and thus as subjective as the 
emotions, experiences, and perceptions of the persons considering 
the term. 13 Two approaches attempt to overcome some of the diffi-
culties of measuring qualitative, subjectively-perceived phenomena. 
One approach is to define CEA by gathering the opinions of a valid 
representation of the citizens of the state. For example, to acquire 
measurement of concepts concerning the favorability of climate in 
Holt County a representative sample of citizens from Nebraska is re-
quired. (Or, as discussed in a preceding section, if a national 
scale of comparison is desired, then the sample must represent the 
entire United States population.) This avoids the problem of ac-
quiring quantifiable data by relying entirely on the composite con-
cepts held by the population about critical phenomena. If enough 
persons declare an area is "critical", then that makes it so. Many 
limitations to this approach make it highly unlikely that anyone 
would advocate its adoption as the only method for defining CEA. It 
does have a role, though, in supplementing other objective data (see 
later discussion). 
Another approach relies upon measuring attributes of, or element 
associated with, the general phenomenon. Although decisions about the 
relevancy of particular attributes and the relative weighting of a 
combination of characteristics may be somewhat arbitrary, the use of 
quantifiable data does provide an objective method for rating criti-
cality. To continue with the same example, the "favorability of cli-
mate" for vacation sites could be measured by number of days of sun-
shine, proportion of daytime temperatures between 650 F. and 800 F., 
average humidity, average wind velocity, etc. (Other illustrations of 
surrogates for measuring environmental phenomena are given in Chapter 
III.) This approach does not avoid the dependence on quantification, 
but it attempts to solve the problem of measuring the overall phenomenon 
by acquiring bits of easily obtained measurable attributes that, when 
combined, represent the values of the entire phenomenon. 
Combining Scores 
These four rating schemes (i.e., the one with a dichotomous classi-
fication, the one utilizing a nominal classification with multiple 
groups, the ranking one, and the one using an interval scale) have been 
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described mostly in terms of a single phenomenon. However, as sug-
gested above, the measurement of a general phenomenon may be achieved 
best by combining the measurements obtained from several of its at-
tributes. Also an area of environmental concern may be regarded 
critical because a combination of phenomena occurring there. Both 
of these conditions imply that the criticality of an area should be 
evaluated by uniting several phenomena into an index. Therefore, it 
is appropriate to examine some ways that multiple criteria have been 
combined to measure criticality. 
The most common method of integrating the scores on multi8le 
characteristics or phenomena is by summing them (Table 11-3). 
TABLE 11-3: HYPOTHETICAL SUMMATION OF SCORES 
Scores for Three Phenomena 
Area 
Name I II III Sum 
A 6.2 8.1 3.3 17.6 
B 2.0 8.2 3.4 13.6 
C 4.1 8.3 3.2 15.6 
The procedure is easy to follow and it produces index numbers that 
can be compared, which is essential for identifying the relative 
criticality of areas. These advantages are evidenced by the popu-
larity of the technique in several states (see below). Neverthe-
less, there are limitations that should be realized if such a 
scheme is to be used. 
Problem of cumulation. 
One limitation pertains to the contribution of each phenomenon 
to a meaningful index of criticality. This issue might be termed 
lithe problem of adding apples and oranges. II It is often difficult 
to know when they can and cannot be added. When counting the in-
gredients for a fruit salad it is quite permissible to add apples 
and oranges, but when taking stock of potential cider resources the 
total figure is misleading. Similarly the significance of a summed 
criticality index is a function of the ingredients and a definition 
of the finished product. Hopefully, all phenomena have been chosen 
so that only the relevant ones are utilized. And, as discussed in 
the first section of this chapter, the question of whether the crit-
icality of an area is cumulative must be answered before a proce-
dure for its measurement can be established. 
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Problem of relative wetght. 
Even acceptance of the cumulative concept of criticality does 
not reveal the relative importance that should be given the various 
components, which is a second problem associated with indexes built 
on combining phenomena. If the importance of each ingredient is known, 
then a weighting can be assigned to each component. This technique is 
illustrated by the appraisal of Nebraska counties for ygcation and 
transient campin9 sites plus other outdoor recreation. The weight-
ing of each key element was specified for all counties in the state 
before the members of any assel6ing committee rated their county ("Weight" column, Table II-4). Thus, a location on a tourist route 
TABLE 11-4: APPRAISALS OF POTENTIALS FOR VACATION AND 
TRANSIENT CAMPING SITES IN HOLT COUNTY 
Vacation Camping Transient Camping 
Key El ement Ratinq Weiqht Score Rating Weight Score 
Cl imate 8 2 16 8 1 8 
Scenery 8 2 16 8 1 8 
Na tura 1 Area 7 2 14 
Soils 9 1 9 9 1 9 
Existing Water Areas 8 2 16 
Impounded Water Sites 8 2 16 8 1 8 
Accessibility 2 1 2 
Tourist Route 6 5 30 
Total 89 63 
five times as important for a transiet camping site as is the cli-
mate of the area. Even though the committee in Holt County rated 
climate an 8, the lower rating for the county's location relative 
to a tourist route carries much more importance. In the case of 
vacation camping sites, however, climate is twice as important as 
accessibility; therefore, the rating of 2 on the accessibility of 
Holt County does not greatly affect the total score. 
Often designers of rating schemes find it difficult to justify 
a specific set of multipliers, so they assume equal weight for each 
phenomenon or variable. Although this is usually easier to justify 
than assigning a weight to each phenomenon, it does not escape the 
question about the relative importance of the phenomena being combined. 
This is because some variables may be highly inter-correlated, which 
suggests they are all measuring one dimension of a general phenomenon. 
If this is the situation, then the dimension measured by the several 
interrelated variables may be weighted heavier than another dimension 
represented by only one variable. A study undertaken to identify "the 
27 
key areas ... which have significant environmental values" in a 
region of eastern Nebraska illustrates this, as well as exemplify-
ing a visual technique for combining phenomena. 
To accomplish the goal of the study, nineteen environ-
mental features have been inventoried. The features 
associated with the Region have been mapped according 
to an environmental value rating and are shown on in-
dividual plat maps . . . This difference in values 
has been expressed on the plat maps by variations in 
shading; the greater the value of a feature, the darker 
the shading of the feature on the map . . . A second 
document ... contains a series of twelve by fourteen 
inch transparent overlays which also delineate the en-
vironmental features as shown on the plat maps. These 
features are delinated on each overlay by the use of 
ten percent increment shades of gray ranging from ten 
to thirty percent. The higher the environmental value 
assigned to a specific inventoried feature, the darker 
the feature is shaded on the overlay . . . By overlay-
ing the transparent sheets in any order and/or combina-
tion, a relative environmental value for the land with-
in the Region is established. The use of this technique 
assumes the greater the number of features (e.g., scenic, 
historic, fish and wildlife, etc.) associated with an 
area, the greater is the environmental significance of 
that particular area. . . The dark areas which result 
from overlaying the features indicate where the greatest 
effort should be directed in future resource considera-
tions)7 
In this kind of "equal weighting" the importance of the dimensions 
results from the variables selected. For example, when examining 
the nineteen features inventoried in the eastern Nebraska region 
(Table 11-5), the person whose recreational preference is fishing 
may feel the identification of key areas is "loaded" against him/ 
her because only one or two fishing-related phenomena will contri-
bute to dark areas on the superimposed transparencies. In contrast, 
areas favorable for hunters may be easily exposed by overlaying the 
several transparencies pertaining to vegetation and wildlife popu-
lations. This "weighting" of equals can be accomplished, of course, 
~y directly adding the scores rather than by superimposing trans-
parencies, so this described weakness applies also when trans-
parencies are not used. 
Problem of appropriate data. 
The third restriction on a procedure that combines phenomena to 
produce an overall index has been discussed earlier in this chapter. 
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TABLE 11-5: ENVIRONMENTAL FEATURES INVENTORIED FOR A 
REGION IN EASTERN NEBRASKA 
Significant Areas and Systems 
Scenic Areas 
Educational Areas 
Natural Areas 
Historic Areas 
Potential Trail Systems 
Potential Protected River Systems 
Significant Fishery Areas 
EXisting Recreation Areas 
Potential Recreation Areas 
Dominant Vegetation 
Cropland 
Grassland 
Woodland 
Interspersion Index 
Significant Wildlife Populations 
Pheasant 
Bobwhite Quail 
Deer 
Cottontai 1 
Use Areas - Ducks 
Use Areas - Geese 
That is, the summation of ranked data produces erroneous results (Table 
11-1 and accompanying discussion). This mathematical misuse does not 
follow, however, when using an interval scale. Therefore, to overcome 
the limitations of manipulating scores assessed by categories, the as-
signed scores sometimes are regarded and integrated as interval data 
rather than ranked data. 
Designing a Scheme 
As a concluding comment on this section about measuring criticality, 
the reader is reminded again that the purpose of this report is not to 
design the "ideal" scheme for defining criticality in Nebraska. This is 
partly because of limitations of time and finances and partly because the 
construction of a scheme needs a broad perspective and authority. Further-
more, 
... there is a great deal to be gained, in an education-
al sense, from having to go through the process of attempt-
ing to set up a rating system. Generally, it makes one 
think about what the "environment" consists of, what is 
regarded as being "important", and how agreement is to be 
reached on answering such questions. It would seem, 
therefore, that the acceptance of an already existing 
rating system by a state planning office, for example, 
without subjecting it to a critical analysis concern-
ing its applicability in the new situation, would re-
sult in m~§h of the primary value of the process be-
ing lost. 
Nevertheless, it is hoped that this discussion will aid those who 
are responsible for constructing a scheme for defining critical 
environmental areas in Nebraska. Hopefully the discussion has 
emphasized that 
... there must be explicit documentation of the 
factors considered, the scaling techniques applied, 
the reasons for specific mathematical manipulations· 
used, and the assumptions made it assigning value 
levels to the factors. Because one of the basic rea-
sons for the development of rating systems is to pro-
vide decision-makers with a more "efficient" method 
of evaluating the resources within their domain, the 
various aspects of the rating system must be under-
stood or such "effi ci ency" wi 11 be negated. More 
specifically the following should be kept in mind: 
a) Distinguish between those judgments which are 
primarily subjectivi and those that are primarily ob-
jective, and don't mix the evaluations where it is in-
appropriate. It may not be advisable to assign nu-
merical values to all factors; instead, detailed 
written descriptions might be emphasized for the pri-
marily subjective factors. 
b) For those judgments that are to be quantified, 
it should be made quite explicit what criteria are 
being used to judge relative values, the techniques 
to be employed in doing so, the type of scaling opera-
tions being applied to the data and the type of mathe-
matical operations used in obtaining an overall rating. 
c) The presentation of the final ratings should 
be made in such a way that the relevant criteria re-
sponsi~~e for making a given area "critical" are 
shown. 
Some Illustrative Schemes 
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This chapter commenced with a discussion of general problems, 
which were summarized by listing a set of fundamental questions 
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about the nature of criticality. The next section described various 
rating schemes, including those that combined several phenomena into 
a single index. Yet another way of answering questions about the 
nature of criticality is by looking at some of the methods utilized 
by other states. This section describes three state-adopted methods 
for defining criticality of environmental areas; the first example is 
a simple scheme for evaluating areas suitable for only one kind of 
environmental concern while the other two demonstrate more complex 
schemes used to define CEA. 
Single-Use Areas by Cumulative Scores 
The Illinois Nature Preserves Commission developed policies and 
guidelines for delineating ar~8s to be established and maintained in 
a system of nature preserves. They devised a scheme for rating 
thirty variables (Table 11-6) on a scale from -2 (Very Poor), -1 (Poor), 
o (Neutral or Nil), 1 (Fair), 2 (Good), to 3 (Excellent)~ Instructions 
state that the negative ratings are to be used only for factors that 
have an adverse effect. Some characteristics of the scheme are these: 
1) It is primarily use-oriented. The fact that the scheme was 
designed for a special land-use type (rather than the all-encompassing 
CEA) tended to emphasize the use aspect more than would have resulted 
had it been based on a single resource phenomenon. 
2) Although focused on the attractiveness of areas for nature 
presevves, it does include avoidance variables (e.g., Factor 20). 
3) The standard cannot be deduced by the facts reproduced here, 
but the scheme assumes that all variables have an identical range of 
values from -2 to 3. Just how Factor 22, which is stated as a dichot-
omy, is to be scored is unclear. 
4) The instructions lack precision for scoring purposes; for ex-
ample, note the multitude of considerations contributing to Factor 24. 
Likewise, whether the integers for the variables represent a range of 
values within each of the five classes or whether they are ranked 
data is not known. 
5) The cumulative concept of criticality is employed, so areas 
receive special attention on the basis of the total score rather than 
on an extremely critical rating for one variable. Also, this produces 
a range of values, which means that degrees of criticality (e.g., IIsen-
sitive ll and "critical" areas) can be measured. 
6) All variables are given equal weight. However, it is stated 
in the instructions that 
TABLE II-6: FACTORS FOR RATING NATURE PRESERVES 
Value and use of area as a public holding 
Nature preserve value 
Natural character 
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1 Uniqueness or rarity of natural types present (extent 
of types within and outside of state) 
2 Diversity of natural types present 
3 Rare species present 
4 Naturalness and lack of past disturbances (degree 
to which logging, grazing, erosion, etc., have 
affected natural conditions) 
5 Wilderness character (degree to which area gives 
visitor a sense of remoteness from civilization; 
degree to which area provides habitat for roaming 
animals; size of area) 
6 Replication of existing preserves (number and extent 
of similar areas in nature preserves, in other 
protected status, and in public holdings that are 
available for dedication) 
7 Scientific value and use (intrinsic scientific value; ac-
cessibility to scientists) 
8 Educational value and use 
Public enjoyment 
9 Nature obsevation 
10 Scenic and esthetic attraction 
11 Expected visitation and tourism 
Recreational and other values 
12 Amount (amount of value for other than strict nature 
preserve purposes, including active recreation in 
buffer areas, open space preservation, watershed 
protection, etc.) 
13 Diversity (number of other uses and values involved 
14 Accessibility and nearness to large population 
15 Expansion and diversification potential (degree to which 
adjacent land has potential nature preserve, recreation, 
or other public values) 
16 Adjacent to existing public holding 
Management and protection 
Vulnerability 
To surroundino influence 
17 Topographic and hydrologic (effect of area of drain-
age from adjoining land -- pollution, erosion) 
18 Population pressure and urbanization (probability, 
type, and effect of urbanization of surrounding 
land) 
continued 
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Table II-6 (Continued) 
19 Attractive nuisances (degree to which area attracts 
persons who may be destructive) 
20 Potential hazards and nuisances to people (hazard to 
trespassers or to legitimate visitors; nuisances 
and hazards to nei ghb.ors) 
21 To public works projects (likelihood of future intrusion 
by construction of sewer lines, highways or other 
util iti es) 
Management problems 
22 Land (absence or presence of land conditions that require 
substantial or continuing attention) 
23 Visitors (amount of time and effort that will be required 
to service and control visitors) 
. 24 Possible custodial arrangements (nearness to other public 
conservation holdings or parks with custodial staff and 
facilities; availability of educational institutions which 
can serve as custodians; amount of community interest and 
potential volunteer assistance; potential for part-time 
custodial service) 
Acquisition factors 
25 Threat of destruction (likelihood and imminence of damage to 
an area or of serious increase of land values from develop-
ment activities) 
26 Availability (presence of land on the market; attitude of 
owners toward selling and toward State acquisition; number 
of properties involved) 
27 Alternative beneficial use (value to the general public wel-
fare of competinq uses of the area such as industry, mining, 
water impoundment, recreation) 
Cost 
28 Per acre (compared to per acre costs of other current State 
Conservation acquisitions) 
29 Total (compared to other nature preserve acquisitions pro-
jects) 
30 Relative to accessibility, population, and use (expensive 
land that is highly accessible and useful could rate as 
well as cheap land that is accessible and of less use) 
Score for each column (number of checks x rating) 
Total rating (max. 90, min. -60) 
the ratings should not be considered as an accurate 
indication of the relative value of projects since each fac-
tor in the evaluation has the same weight eve21though some 
may be of major and some of minor importance. 
7) The methodological assumptions are not clear, e.g., the state-
ment about the "major and minor importance ll of some variables does not 
coincide with a scheme of equal weightings. This lack of clarity or 
specificity tends to allow more subjectivity into a task that is 
already plagued with obstacles that reduce objectivity. 
CEA by "Filtering" 
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The second illustrative scheme involves a process for pre~2rving 
areas that are considered critical by the State of California. 
These areas of "statewide critical concern II are defined under the 
main headings of "Scenic, Scientific, Education and Recreational 
Resource Areas t II "Resource Production Areas, II and "Hazardous 
Areas," all of which are subdivided into a total of fourteen 
"Categories" (i.e., those listed in Chapter I, I)ages 6 and 7), many 
of which are further divided into IComponents." 23 Although pro-
cesses for defining CEA are discussed more fully in Chapter IV, it 
is appropriate to include comments here that clarify a somewhat 
different approach to the determination of criticality. 
The process commences with an application being submitted by 
someone requesting a change in the existing use of land. If the 
application is valid, it is next examined in terms of its location 
relative to areas of statewide critical concern. 
The effects of an activity often extend beyond the 
specific location on which it is centered. For this 
reason these guidelines must incorporate consideration 
of land uses occurring adjacent to, as well as within, 
areas of statewide critical concern. 24 
For each Component an operational definition of proximity is speci-
fied (proximity definitions are illustrated by two Categories in 
Table 11-7). If the proposed land-use change is located within the 
same area or in close proximity to a critical area, then an Incom-
patibility Rating is assigned. This ~ep utilizes a matrix of In-
compatibility Ratings between each of thirty-one potential land-
use activities and each Component (Table 11-8 shows a portion of 
that matrix). If the proposed activity is not Clearly Incompatible, 
the next step is to examine the Impact Charts. These charts, which 
also constitute the justification for the Incompatibility Ratings, 
present the anticipated impact of locating a new activity within, 
or adjacent to, an area of critical concern (Table 11-9). The 
requested change in land use is approved only if it successfully 
passes through all these filters. 
This brief review of the California scheme does not include 
information about procedures for handling special cases nor the 
process for gaining final approval. Rather, it reveals some of the 
characteristics of a scheme designed to preserve areas of statewide 
critical concern in a different manner than achieved by the Illinois 
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Category 
Historic, 
TABLE II-7: DEFINITIONS OF PROXIMITY FOR 
SELECTED COMPONENTS 
Component Definition of Proximity 
Location of pre- Within ~ mile of the de-
Archeological historic or his- signed critical concern 
and Cultural toric significance area 
Areas 
Archeological and Within ~ mile of the de-
historic sites signated critical concern 
area 
Agricultural Prime and poten- Within 1/8 mile of the 
Lands tial prime agri- designated critical con-
cultural lands cern area 
Primary grazing Within 1/8 mile of the 
lands designed critical con-
cern area 
scheme. At least three characteristics of the California scheme 
should be noted: 
1) The critical areas were defined in terms of scarcity of the 
phenomena (i.e., those groups as Scenic, Scientific, Educational and 
Recreational Resource Areas), on the basis of their availability for 
economic use (i.e., Resource Production Areas), or because they 
should be avoided as a location for various human activities (i.e., 
Hazardous Areas). This inclusive definition of CEA aids in bringing 
all aspects of statewide concerns under one set of guidelines, which 
is consistent with the purpose of defining truly critical areas. 
2) In spite of the wide variety of conditions that create CEA, 
the guidelines are specific because they are use-oriented. By 
utilizing matrices the various kinds of CEA are evaluated for a 
variety of uses. As emphasized earlier in this report, this makes 
the finished product more useful than a set of resource inventories. 
Also it emphasizes the fact that to declare an area as "critical" 
for one use does not exclude all other land uses because each possi-
ble combination is evaluated separately for incompatibility. 
3) This scheme does not depend upon a cumulative concerpt of 
criticality, yet it does incorporate many phenomena into the consider-
ation of critical areas. By following a series of "steps" along a 
TABLE 11-8: INCOMPATIBILITY RATINGS FOR SELECTED COMPONENTS 
Prime and 
Potential 
Locations of Historic and Prime Agri- Primary 
Hi s tori ca 1 Archeological cultural Grazing 
Land Use Significance Si tes Lands Lands 
W A W A W A W A 
Residential 
Rura 1 dens i ty 2-3 2 2-4** 2 3 1 2-3 1 
Low density 2-3 2 2-4** 2 4 1 4 1 
Urban/suburban 2-3 2 2-4** 2 4 2 4 2 
Transient lodging 2-3 2 2-4** 2 4 1 4 1 
Industrial 
Petro-chemical 3 2 2-4** 2 4 2 4 2 
Wood & Paper 3 2 2-4** 2 4 2 4 2 
Food processing 3 2 2-4** 2 3-4 1 3-4 1 
Other mfg. 3 2 2-4** 2 4 1-2 4 1-2 
Commercial 
Small scale 2-3 2 2-4** 2 4 1 4 1 
Large scale 3 2 2-4** 2 4 2 4 2 
Resource Development 
Grazing 1 1 1 1 1 1 NA NA 
Animal husbandry 3 1 2-3 1 2 1 2 1 
Cultivated agriculture 1-2 1 2-3 1 NA NA 1 1 
Forestry 3 1 2-3 2 NA NA 2 1 
Oil & gas 2 2 2-4** 2 2-3 1 2 1 
Mining 3 2 2-4** 2 4 1 4 1 
Impoundments 2-3 2 2-4** 2 3 1 3 1 
Channelization 2 2 2-4** 2 1-2 1 1 1 
w 
(J'1 
TABLE 11-8 (Continued) 
Prime and 
Potenti a 1 
Locations of Historic and Prime Agri-
Historical Archeological cultural 
Land Use Significance Sites Lands 
W A W A W A 
Utilities 
Power plants 3 2 2-4** 2 4 1 
Surface transmission 2 1 2-3 3 2 1 
Buried pipelines 1-2 1-2 2-4** 2 1-2 1-2 
Solid waste 3 2 2-4** 2 4 1 
Liquid waste 3 2 2-4** 2 4 1 
Transportation 
Railroads & Highways 2 2 2-4** 2 3 1 
Airports 3 2 2-4** 2 4 2 
Watercraft 3 2 2-4** 2 4 2 
Recreation 
Enclosed 2 2 2-4** 2 4 1 
Outdoor, much change 2 2 2-4** 2 4 1 
Outdoor, little change 1 1 2-3 2 3 2 
Resorts & Camps 2 2 2-4** 2 3 1 
Off-road vehicle use 3 2 2-3 2 3 2 
W = Within the area 
A = Adjacent to the area (see Table 11-7) 
** = Rating depends on whether the site is properly excavated 
NA = Not applicable or unlikely to occur 
1 = Never or Seldom Incompatible 
2 = Occasionally Incompatible 
3 = Often or Usually Incompatible 
4 = Clearly Incomplatible 
Primary 
Grazing 
Lands' 
W A 
4 1 
2 1 
1-2 1-2 
4 1 
4 1 
3 1 
4 2 
4 2 
4 1 
4 1 
2-3 1 
3 1 
3 1 
w 
0) 
TABLE 11-9: IMPACT CHARTS FOR SELECTED COMPONENTS 
Prime and 
Potent; a 1 
Loca ti ons of Historic and Prime Agri-
Land Use Historical Archeological cultural 
Significance Sites Lands 
Residential 
Rural density A & B(May) C & B(May) B(May) & D 
& E & F & G 
Low density; Urban/suburban A & B(Usu- C & B(Usually) B(Usually) 
ally) & L & D & E & F 
& J & G 
Transient lodgings A & B(Usu- C & B(Usua lly) B(Usually) 
ally) & L & D & J & 
G 
. 
Industrial 
Petro-chemical; A & B(Usu- C & B(Usually) B(May) & D 
Wood & Paper ally) & E & G & 
M & N 
Food processing A & B(Usu- C & B(Usually) B(May) & D 
ally) & E & N & 
p 
Other mfg. A & B(Usu- C & B(Usually) B(May) & D 
ally) & E & G & 
M & N 
------.--~ ~-.-.-.--.------ .. ~.-.-----.-----
Primary 
Grazing 
Lands 
B(May) & 
D & H & I 
& G 
B (Usua lly) 
& D & H & 
I & G & K 
B(Usually) 
& D & G 
B(May) & 
D & I & G 
& 0 
B(May) & D 
& I & 0 & 
P 
B(May) & 
D & I & G 
& 0 
~--
W 
"-J 
TABLE II-9 (Continued) 
I 
Locations of Historic and 
Land Use Historical Archeological 
Significance Sites 
Commercial 
Small scale A & B(Usu- C & B(Usually) 
ally) 
Large scale A & B(Usu- C & B(Usually) 
ally) 
Resource Development 
Grazing Q Q 
Animal husbandry A U 
Cultivated agriculture Q U 
Forestry A & B C & B(May) 
Oil & gas A & B(May) C & B(May) 
Mining A C 
Impoundments A & B(May) C & B(May) 
-
Channelization A & B(May) C & B(May) 
----------'--._--
Prime and 
Potential 
Prime Agri-
cultural 
Lands 
B(May) & 0 
& E 
B(Usually) 
& 0 & E & J 
& G 
R & S 
R & V 
T 
X 
BB & CC & 
DO & EE & 
B(May) & G 
B(May) & 0 
& EE & FF 
& DO 
B(Usual1y) 
& 0 & GG 
B(May) & 
HH 
Primary 
Grazing 
Lands 
B(May) & 0 
B(Usually) 
& 0 & I & G 
T 
W & R 
R 
Y & Z & AA 
BB & B(May) 
& G 
B(May) & 0 
& I & G & 
R & DO 
B(Usually) 
& 0 & GG 
B(May) & 
HH 
w 
00 
TABLE 11-9 (Continued) 
Locations of Historic and 
Land Use Historical Archeological 
Significance Sites 
Utilities 
Power pl ants A C 
Transmission, above A & II C & II 
ground 
Buried pipelines II C & B{May) 
& KK 
Solid waste A C 
Liquid waste A C 
Transporta ti on 
C & B(Usu-Railroads & Highways A & B(Usu-
ally) ally) 
Airports A & B(Usu- C & B{Usu-
ally) ally) 
Watercraft A & B(Usu- C & B(Usu-
all y) all y) 
Recreation 
Enclosed A & B(May) C & B(May) 
& NN & NN 
-. ---- --.- ---~---------
Prime and 
Potentia 1 
Prime Agri-
cultural 
Lands 
o & E 
B{May) & 0 & 
E 
B(May) & BB 
(Temporary) 
0 
o & LL 
B{Usually) 
& 0 & P & CC 
B(Usually) 
& 0 & E 
B(Usually) 
& 0 & P 
B(May) & 0 
& E & J 
- ._-- ------ -- ---_., . __ .... _-_._- ---- .-
Primary 
Grazing 
Lands 
0 
B{May) & 0 
& JJ 
B(May) & 
BB{Tempor-
ary) 
0 
o & LL 
B(Usua lly) 
& 0 & G & P 
& JJ & MM 
B{Usually) 
& 0 
B{Usually) 
& 0 & P 
B(May) & 
o & G & K w 
~ 
TABLE 11-9 (Continued) 
Prime and 
Potential 
Locations of Historic and Prime Agri- Primary 
Land Use Historical Archeological cul tura 1 Grazing 
Significance Sites Lands Lands 
Outdoor, much change A & B(May) C & B(May) B(May) & D & B(May) & D 
E & J & G & K 
Outdoor, little change Q U & L D & F & J & D & I & G 
G 
Resorts & Camps A C & L D & E & J D & I & G & G 
Off-road vehicle use A U & L 00 & PP & 00 & 1 & 
F & G G 
A = Detracts from appreciation of the historical or cultural significance associated with the 
location by physically altering the land or by introducing visual, audible or other ele-
ments out of character with the property and its setting. 
B = (May)(Usually) increase(s) land values or otherwise lead(s) to subsequent pressure for addi-
tional development in the resource area. 
C = Disturbance or destruction of known or previously unrecorded archeological or historical 
sites. 
D = Loss of land for this component. 
+=-
o 
TABLE II-9 (Continued) 
E = Possible interference with normal agricultural practices on adjacent lands, reducing viability. 
F = Possible crop and farm equipment vandalism. 
G = Possible increased fire hazard in the area. 
H = Possible stock predation by domestic animals. 
I = Possible disturbance of livestock by human activity. 
J = Complaints of noise, dust, pesticide and fertilizer use, etc., from adjacent development. 
K = Complaints from adjacent residents regarding odor, noise, aesthetics. 
L = Increased activity on-site or in adjacent areas may result in damage to archeolgoical or his-
torical resources (vandalism, pot hunting, etc.) 
M = Possible air pollution problems affecting surrounding cropland. 
N = Possible pollution of sources of irrigation water by wastewater dischange. 
a = Possible pollution of surface waters used by livestock. 
P = May increase economic viability of surrounding area by reducing costs of transporting products 
to processing facilities. Q = No significant adverse impacts on the value of the component resource. 
R = Reduction of available land for this resource, but usually does not impair potential return to 
this component in the future. 
S = Possible crop damage on adjacent lands from livestock. 
T = Not applicable. 
U = Possible disturbance of surface layer or archeological or historical site, aggravated by any 
accelerated erosion. 
V = Potential accelerated erosion. 
W = May increase carrying capacity of surrounding area by providing for supplemental feeding at 
key periods. 
X = Unlikely to occur. 
Y = Timber harvesting may interfere with grazing in the area. 
Z = Cleared land may be converted to grazing land. 
AA = Soil erosion following logging may reduce carrying capacity of land for livestock. 
BB = Permanent or temporary reduction in available land. 
CC = May break land into units too small to support economically viable agriculture or involve 
purchase of large tracts of prime agricultural land. 
DO = Possible surface and groundwater contamination. .j::o 
...... 
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TABLE 11-9 (Continued) 
EE = Possible land subsidence and disruption of natural drainage 
patterns. 
FF = Impairment of soil fertility. 
GG = May provide water for resource development. 
HH = May increase amount of land available. 
II = May provide access to the area. 
JJ = May interfere with livestock movement. 
KK = May increase access to areas containing archeological or his-
torical resources and increase potential for vandalism or other 
damage to sites. " 
LL = Potential beneficial use of treated wastewater for irrigated 
lands. 
MM = Possible loss of livestock due to roadkills, etc. 
NN = Eduational-type facilities may increase appreciation of the 
historical significance of the location. 
00 = Severe soil disturbance and loss of potential production. 
PP = Possible crop damage from vehicles. 
branching flow diagram and by designating degrees of incompatibility 
for different uses, it achieves many of the same goals as those ac-
cruing from an index composed of ratings for several phenomena. This 
could also be regarded as passing the potential land use through a 
series of filters, anyone of which could eliminate it from infringing 
on the critical area. 
CEA by Cumulative Assessment Scores 
The scheme created by CRIP serves as a third example. 25 Part of 
the scheme was described earlier in this chapter when explaining 
standards for measuring criticality, and the operational procedure 
for delineating critical areas is discussed in Chapter IV; but the 
following comments pertain to the method for determining criticality. 
A criticality assessment commences with delineated areas that 
have been proposed as potential critical areas based on anyone of 
ten environmental phenomena. Each phenomenon, or resource category, 
is evaluated for a variety of existing and potential uses. The 
evaluation is accomplished by adhering to guidelines in a Critical 
Assessment Matrix, which specifies precisely how each variable at-
tribute of the resource should be ranked for the use being examined. 
The ranking employs a five-class scale, with each class being oper-
ationally defined by a range of values. The relative importance of 
the attributes is quanti fed by a percentage weighting; thus the sum 
of the weights is 100. A score for each variable attribute is cal-
culated by multiplying the rank by the weight. These scores are then 
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summed to produce a single criticality measurement for each matrix, 
i.e., for each resource and each use (Tables 11-10 through 11-14 
demonstrate the ranking of Wetlands for five possible uses). It is 
this final criticality score that is compared to the criticality 
threshold, which is based upon the criticality continuum (which was 
clarified on pages 22-24). 
The CRIP scheme merits attention for the manner in which it 
handles several of the problems discussed in this chapter. Even 
though the criticality score ~~ obtained by summing the products of 
ordinal values and constants, it does achieve major goals desired 
in a criticality measurement. It compares each area possessing a 
potential critical resource with all other areas in the state (re-
presented by a sample), yet it also retains the option of declaring 
any percentage of land in the state system of CEA. This is accom-
plished through a straight-forward and easily understood technique. 27 
This scheme also provides an interesting contrast to other schemes 
with a cumulative concept of criticality because this one specifies 
criticality for each combination of environmental resources and land 
uses, thus an area may be declared critical if any single condition 
merits statewide attention. 
A most commendable feature is its clear and thorough explana-
tion of most definitions, assumptions, and procedures. It is not 
easy to communicate concepts and the constituents of decision-
making, but such information is essential to the establishment of 
a scheme that is applicable and acceptable for defining critical 
areas of statewide concern. 
The CRIP scheme probably should not be adopted in toto by an-
other state (e.g., the use of wetlands for agriculture is rare in 
many states), but it can serve as a valuable guide. Certainly it 
merits the attention of those persons responsible for designing a 
scheme to define critical environmental areas in Nebraska. 
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TABLE 11-10: CRITICALITY ASSESSMENT MATRIX, WETLANDS IN A 
NATURAL STATE (RESOURCE USE) 
Variable Values Rank Weight Score 
Number of community types 1 1 5 
present 2 2 
3 3 
4 4 
5+ 5 
Number of native plants See separate 25 
species/community table 
Per cent exotic plant 50+ 1 25 
species 49-10 3 
10- 5 
Per cent cover exotics 50+ 1 30 
49-10 3 
10-
Scarcity in state 100+ 1 15 
50-100 3 
50- 5 
TABLE II-II: CRITICALITY ASSESSMENT MATRIX, WETLANDS FOR 
EDUCATIONAL USE 
Variable Values Rank Weight Score 
Number of community types 1 1 15 
present 2 2 
3 3 
4 4 
5+ 5 
Community suitability See separate 30 
table 
Per cent exotic plant 50+ 1 5 
species 49-10 3 
10- 5 
Per cent cover exotics 50+ 1 5 
49-10 3 
10- 5 
Number of schools within (?) 1 30 
15 mile radius 
Average distance to 10-15 1 10 
schools within 15 5-10 3 
mile radius 5- 5 
Scarcity in region 10+ 1 5 
5-10 3 
5- 5 
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TABLE II-12: CRITICALITY ASSESSMENT MATRIX, WETLANDS FOR 
NON-MOTORIZED RECREATION (EXCLUDING HUNTING) 
Variable Values Rank Weight Score 
Number of community types 1 1 10 
present 2 2 
3 3 
4 4 
5+ 5 
Number of native species/ See separate 40 
community table 
Population within an 100,00- 1 50 
houris driving time 100,000-
200,000 2 
200,00-
300,000 3 
300,000-
400,000 4 
400,000+ 5 
TABLE 11-13: CRITICALITY ASSESSMENT MATRIX, WETLANDS FOR 
WILDLIFE - HUNTING 
Variable Values Rank Weight Score 
Population or harvest index 
of the major game species: 
Mallard ducks (ducks/sq. 0- .75 1 35 
mile) .76-1.00 2 
1. 01-1. 50 3 
1. 51-2.50 4 
2.50+ 5 
Blue-wing teal ducks 0- .25 1 15 
(ducks/sq. mil e) .26- .50 2 
.51-1. 50 3 
1.51-2.25 4 
2.25+ 5 
Other ducks (ducks/sq. 0- .25 1 10 
mile) .26- .50 2 
.51- .75 3 
.76-1.00 4 
1.00+ 5 
Geese (nesting) Not present 1 15 
Present 5 
Wetlands/square mile 10- 1 15 
10-15 3 
15+ 5 
Waterfowl huntin
r 
pressure 2.00+ 1 10 
in the county ratio be- .76-2.00 2 
tween the number of .26- .75 3 
sportsmen's and small .10- .25 4 
game licenses sold in the 10- 5 
county and the amount of 
public land open for hunt-
ing in the county) 
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TABLE 11-14: CRITICALITY ASSESSMENT MATRIX, WETLANDS (OF MORE 
THAN 20 A.) FOR AGRICULTURAL USE 
Variable Values Rank Weight Score 
Mineral soil texture* Sil ty cl ay, 1 50 
loam 
Silt loam 5 
Organic soil* 
Per cent fibers 70+ 1 12.5 
35-60 3 
15- 5 
pH 5- or 7+ 1 12.5 
6-7 5 
Depth ( feet) 2- 1 12.5 
3-4 3 
5+ 5 
Texture of under- Sand 1 12.5 
lying material Clay 3 
Loam 5 
Length of growing Short 1 50 
season Long 5 
*If soil is mineral -- measure texture. 
If organic measure per cent fibers, pH, depth, texture of under-
lying material. 
Total weight for soil variables -- 50 . 
CHAPTER III: ELEMENTS OF THE ENVIRONMENT 
Introduction 
The goal of defining critical environmental areas in Nebraska 
is founded upon the belief that the existence and location of cer-
tain environmental phenomena concern all citizens of the State and 
that a procedure should be established to identify areas possessing 
special features. The defining procedure must deal with the measure-
ment of criticality, the selection of environmental features, and the 
identification of areas possessing such critical environmental phe-
nomena. Chapter II dealt with the issue of criticality and the 
measurement of phenomena; Chapter IV suggests a process for accom-
plishing the identification of specific geographic areas. This 
chapter pertains to the environmental phenomena selected for evalua-
tion and delineation. It examines the existing evaluations and re-
gulations of several phenomena that might become a part of future 
CEA in Nebraska. 
A logical baseline for considering CEA in Nebraska is the exist-
ing set of areas that receive special attention. A list of such 
areas, rather than being an inventory of all lands in the State 
whose uses may possibly be limited, shouldbe confined to the most 
likely candidates for a future program of CEA. Such a working guide-
line would exclude all federally-owned and federally-regulated land 
as well as State-controlled areas. Furthermore, logically the inven-
tory should give top priority to those phenomena whose locations are 
most likely to be considered critical. The best clues to which ele-
ments of the environment should be listed, therefore, are those pro-
vided by various Nebraska agencies and organizations associated with 
environmental conservation and by other states that have defined CEA. 
This chapter contains an overview of some of the data sources 
that would be helpful in establishing a comprehensive program of 
critical environmental areas. The environmental phenomena inven-
toried here are ones similar to those included in other states, but 
they may differ from those specified later by legislation or by per-
sons responsible for defining official CEA in Nebraska. Furthermore, 
the data are restricted to those acquired in the spring of 1975 and 
1977 from published sources. Although an attempt was made to con-
tact all relevant agencies and organizations in Nebraska, some may 
have been missed. Also, comments about the status of classificatory 
schemes are constrained by the published information; some agencies 
may have more refined techniques for evaluating critical areas than 
reported in their publications. 
This chapter should be regarded as a general summary of most 
data sources in Nebraska rather than a detailed survey of all exist-
ing data on which future CEA could be defined. The difference is 
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apparent by the discussion in the CEA Reference Guide, which char-
acter'izes the more inclusive survey necessa;:Y--to-r the identif-;cation 
of CE.A: 
The survey of existing data should begin with an examina-
tion of existing collections of data, and data bases or 
information systems, if any exists. The next step is a 
search by data category for sources of data that do not 
exist in prepared collections or data bases. Such un-
collected or unpublished data may be available from line 
agencies at the federal, state, and local levels of govern-
ment, from regional planning agencies, from special pur-
pose agencies such as river basin authorities, and from 
the private sector, including university research offices, 
private research institutions, and business firms that 
collect and process data for profit. There may be pub-
lished or unpublished documents which contain current 
data, and there may be individuals, particularly those 
who engage in field work who can furnish information not 
ordinarily available from well-known sources. 
In this investigation, one must determine the categories 
of data that are included, the mapping scales, the graphic 
or written formats, the accuracy and precision of the data, 
and the nature and degree of data accessibility. A.fter 
close examination of the data and information that are 
available, one can distinouish between that which is in 
suitable form in its existing state and that which needs 
reformatting or aggreqating (or other transformation) to 
be useful. Some data may be so physically or bureaucrat-
ically inaccessible as to be essentially non-existent for 
program purposes. 
In the following sections information about each of ten select-
ed elements of the environment is given in a fairly standard format. 
The rationale for concern, some measurable attributes of criticality, 
and the present status of data sources in Nebraska are the subtopics 
discussed for each environmental phenomenon. Although these sub-
topics are listed separately for each element, there is considerable 
overlap because of multiple uses and because each kind of use may be 
supported by varying environmental elements; thus some comments are 
not repeated for the phenomena described later in the chapter. 
~ __ geologic Features 
Rationale/Uses 
1. Educational and scientific value. 
The explanation, understanding, and appreciation of the pro-
cesses which interact to produce the observable landscape and its 
underlying structures are enhanced by the opportunity to observe 
and study those phenomena in their natural situation. Nebraska 
has a wide variety of topography and geology, ranging from the 
steep escarpments and badlands in the northwest to the wind-blown 
features of the Sand Hills and Loess Plains to the rolling dis-
sected glacial terrain in the eastern part of the State. The un-
derlying geologic structure, buried beneath unconsolidated ma-
terials through the central part of the State, outcrops in the 
east and west and provides excellent opportunity for study and 
explanation of present and past natural conditions. 
Immediate users of geologic phenomena for their educational/ 
scientific value are the faculty in the State's colleges and uni-
versities and teachers of earth sciences in secondary schools. 
Visitation to significant sites on field trips encourages and 
stimulates appreciation and further study of the earth sciences. 
2. Recreation and tourism. 
Geologic areas hold additional significant in that they pro-
vide opportunity for a variety of recreational activities. These 
include rock climbing, fossil and gem hunting, viewing, spelunking, 
canoeing, hiking, and other forms of outdoor recreation and relaxa-
tion. Although recreational functions often do not exclude other 
functions of geologic features, they may require some special at-
tention. For example, the Nebraska Travel Industry Development 
Plan suggests that more interpretation of ecology and natural his-
tory needs to be done for the State'2 natural areas to make recre-
ational experiences more meaningful. 
3. Mineral production. 
Mineral production in Nebraska is primarily the extraction of 
fuels, i.e., petroleum and natural gas, and of non-metallic materials 
used for construction. These extractions occur on only a small area 
of land but they are incompatible with several other land uses. In 
general, though, the importance of mining in the State's economy is 
declining and the total area of land in Nebraska used for mineral 
production is small. The more than 2700 quarries and pits operated 
during the past half century affected approximately 30,000 acres of 
land; the 666 operations observed by satellite imagery in 1975 dis-
turbed 820 acres. 3 
4. Hazard. 
Geologic hazards result from conditions where tectonic (inter-
nal) or gradational (external) processes, or both, create instability 
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of crustal materials in such a manner as to prohibit, limit, or 
require extreme caution in the utilization of land resources. Haz-
ardous conditions will be present in most instances where land sur-
faces are susceptible to movement. 
Criticality 
1. Educational and scientific value. 
The assessment of criticality may require an evaluation of 
several variables. For one, the specialized educational character-
istics of each feature or area should be rated by educators and 
scientists for "quality" or the degree to which each is representa-
tive of the structure, feature, or geologic process which it char-
acterizes. 
Secondly, experts should indicate the relative scarcity of 
each characteristic of educational value specified for a feature. 
They must rely on their knowledge of the occurrence of other simi-
lar features in the State. 
A third variable pertains to the threat to an area. The educa-
tional value of a geologic feature may be threatened in several ways. 
One potential hazard results from disturbance from too many overly 
zealous geology students armed with rock hammers and chisels. In 
other cases, features may be threatened if they lie in the path of 
bulldozers and other construction equipment. 
A fourth variable involves the distance any phenomenon or group 
of phenomena is from schools and institutions that would want to 
travel to these features for educational purposes. 
2. Recreation and tourism. 
The quantity and quality of recreational/tourist activity re-
lated to geologic features is dependent on several variables: ac-
cessibility of site to recreation-seeking popUlations, areal extent 
of the site, on-site provisions for recreational activities, quality 
of recreational experience, and attractness of the phenomena. 
The accessibility variable may be a simple measurement of mile-
age distance or time distance between the geologic site and the ori-
gln of tourists. Or, it may include the size of the potentially 
recreating population in a type of interactional model, which esti-
mates the comparative potentiality of sites in terms of population 
per distance. Also this variable may be quantified by using traf-
fic flows near the site and/or attractivity models based on user 
participation in and satisfaction with "geologic" experiences. 
It cannot be assumed that every geologically significant site 
w 11, in fact, be compatible with recreational use Small, isolated 
s tes of only a few acres present limited recreational opportunities. 
Larger areas, perhaps in excess of 200 acres, in which geologic fea-
tures of importance would not be jeopardized or obliterated, may 
serve such multi-functional purposes as recreation/esthetic/natural! 
wilderness areas. As noted in the Nebraska State Cornprehen~e Out-
door Recreation Plan (SCORP) in the discussion of "Outstanding Na-
tural Areas il (ClasS-IV) and "Primitive Area Needs ll (Class V): 
Large size is generally considered a requirement for con-
sideration for Class V designation and is one reasonable 
criterion. However, as in the case of Class IV lands, a 
Class V designation ;s somewhat relative to other resources 
and land use patterns in the State. To city dwellers f)'''om 
an eastern Nebraska urban center, a 5,000 acre block of 
undeveloped land (especially if located in the midst of 
additional thousands of acres similar but undesignated 
land) .is Su!ficient size to provide a primitive outdoor 
experlence. 
The difficulty of establishing criteria is compounded by the di-
versity of recreational exper~ences. Non-motorized recreation, such 
as hiking, primitive camping, nature study, canoeing, and the like, 
are often incompatible with motorized recreation involving mobile 
campers~ motocycles, snowmobiles, all-terrain vehicles, and motor-
ized water craft. Hunting and fishing demands place further con-
straints on the types and intensity of use. 
The attractiveness of a site would seem to be highly subjective. 
However, methods for measuring scenic attractiveness by accounting 
for var"'iability in individual evaluations are in use (see IIJ. Sce-
nic Areas l' ). These techniques are quite suitable for measuring at-
tractiveness of Nebraska phenomena. 
3. Mineral production. 
The determination of criticality of individual mineral deposits 
is difficult partly because of data limitations. Acquisition of de-
tailed data for accurate delineation of individual deposits is time-
consuming and costly. The task of detailed exploration and analysis 
has been traditionally assumed by the producers who tend to guard 
this information closely. Thus, the information about deposit size, 
quality, and ease of extraction does not exist for all mineral con-
centrations in Nebraska. 
The economic variables of scarcity~ future demands, and distance 
from future markets involve predictive criteria. Since most of the 
mineral production in the State is used for aggregate in construction 
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and urban areas are the major construction points, each additional 
mile that the basic high-bulk/low-value construction materials must 
be transported has a substantial effect on local construction costs. 
In an expanding urban area, short-sighted planning and inadequate 
land-use regulation can have the effect of removing mineral deposits 
from future production. To assess whether this ;s an acceptable out-
come, the future value of preserving mineral resources needs pre-
dictive evaluation. 
Another potential variable deals with the timing and degree of 
compatibility with other land uses. An area that is not judged crit-
ical enough for mineral needs to warrant preserving it from other 
land uses might qualify if the ar'ea were to be converted to alter-
nate uses after extraction is completed. However, at this time re-
clamation of former quarries and pits is rather limited in Nebraska 
(e.g., of the 820 acres disturbed in 1975 only 78 were restored for 
future use), so this appears to be a minor criterion. 
4. Hazard. 
The primary geologic riazards affecting areas of Nebraska are 
those related to surface movements caused by internal crustal pro-
cesses. This is not to say that tectonic processes have not or 
might not create hazardous conditions; however, the probability of 
surficial disruption by tectonic activity is small. 
Tectonic movements in Nebraska are limited in extent and fre-
quency. The Humboldt fault system in the extreme eastern part of 
the State is the major zone of activity but little or no movement 
has been recorded in recent years. Other known fault systems in 
the State have shown no measurable movement. Consequently, criteria 
for delimiting areas subject to severe earthquake hazards in Ne-
braska seem unnecessary. 
With the exceptions of portions of the High Plains in western 
Nebraska and the Rough Lands (Gumbo Hills) of the northwest, the 
majority of the bedrock is mantled with unconsolidated surficial 
materials ranging from wind-blown sands (Sand Hills) to fine loess 
(central) and to glacial tills mantled by loess (east). Where 
sufficient relief occurs, produced naturally erosional dissection 
or artificially by excavation, mass movements in these materials 
can occur. In general, the susceptibility for movement is indi-
cated by the standard criteria used for classifying soil character-
istics. 
Data Sources 
No single, comprehensive scheme that could be used to identify 
critical environmental areas exists for geologic features in Ne-
braska. However, numerous federal and State agencies dealing with 
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ne or more aspects of geologic phenomena possess data with differ-
entiating attributes. These sources provide a basis for proposing 
,oecific CEA (see Chapter IV) for inclusion in a Statewide program. 
One group of sources consists of federal agencies concerned 
with various aspects of land and water resources. Same agencies 
~~() 'II ec t da ta for ra ther spec i fi c pu rpos es ra th er tha n fo r cornpre-
nensive functions (e.g., the community planning program of the U. 
S. Department of Housing and Urban Development). Also they may 
pertain to more facets of the environment than just the 'igeologic l' 
ones considered in this section; in fact, several of the general 
environmental schemes discussed in this section apply equally to 
other elements discussed in fo"llowing sections. Furthermore, they 
may include areas already designated for special attention and, 
thus, removed from further consideration (e.g., Scottsbluff Na-
tional i'-'1onument). 
Some of the major federal agencies concerned with natural 
resource planning are the following: 
Environmental Protection Agency 
Department of Transportation 
Department of Housing and Urban Development 
U.S. Department of Agriculture 
Forest Service 
Soil Conservation Service 
U.S. Department of Interior 
Bureau of Land Management 
Bureau of Sport Fisheries and Wildlife 
Bureau of Indian Affairs 
Bureau of Outdoor Recreation (see below) 
National Park Service 
Army Corp of Engineers 
Geological SLH'vey, 
Of special note is the RALI program of the Geological Survey. It 
is an effort to insure the availability of (1) ade-
quate data based on all aspects of the land and its re-
sources, including the configuration of the land surface; 
the structure, composition and physical properties of the 
soils and rocks beneath the surface; the distribution and 
magnitude of water, mineral, and energy resources; vegeta-
tion, wildlife, and present land use; (2) information pro-
ducts in forms that are easily understood by users such 
as land planners, resource managers, environmental ana-
lysts, policy and decision makers, the courts and the 
public at large, and that are relevant to their problems; 
and (3) an analytical capability to contribute to solution 
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of multidiscipline problems related to resouSce develop-
ment, land use and environmental protection. 
An example of the kind of useful data that can be obtained from 
a federal agency is the discussion about an Island Trust proposed by 
the Bureau of Outdoor Recreation for the Platte River Islands located 
between the Loup River and Valley, Nebraska. In explaining this pro-
posal, the Bureau stated: 
Two groups of river islands are singled out here for atten-
tion: the Platte River islands in Nebraska and the delta 
islands of the Sacramento and San Joaquin rivers in Cali-
fornia. Aside from the chain of islands in the upper Mis-
sissippi these islands represent the finest potential for 
river island recreational use in the United States. 
Outstanding in many respects among river islands are those 
of the Platte, where a hundred years ago wagon trains camp-
ed and evening fires lit the prairie night. Today, more 
than 150 of these islands, lying from the mouth of the 
Loup River downstream to the town of Valley, Nebraska, are 
in a region where recreational opportunities in such na-
tural surroundings are rare. 
Many of these river islands are small -- there are over 
5,000 acres in all -- and most are privately owned. They 
offer excellent opportunities for family and group outings 
in a setting unique to the plains. Although the river is 
shallow in places, it is easy to canoe, and the air boat 
is becoming a popular conveyance for river running and is-
land hopping. 
While natural seasonal flooding occurs, the vegetated is-
lands are stable. As newly formed sand bars become sta-
bilized, various stages of plant succession are visible 
among the islands. Great Plains wildlife abound. Migra-
tions of waterfowl and the giant sandhill crane offer a 
thrilling annual spectacle. 
As an outstanding example of a diminishing environmental 
resource, the Platte River Islands merit national recog-
nition. They also would serve as an important recreation 
resource for the people of the r~gion including the urban 
population of Omaha and Lincoln. 
The Missouri River Basis Commission represents an intermediate 
position between federal and state governmental action. From this 
agency the various reports of the Platte River Basin, Level B, study 
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provide useful guidance. For example, the Outdoor Recreation report 
comments: 
One of the most significant segments of the Platte River 
from a recreational standpoint is that portion from the 
mouth of the Loup River downstream to its confluence with 
the Missouri River. This segment is recognized in the 
Nebraska State Water Plan as worthy of preservation in 
its present free-flowing condition. This section con-
tains the Platte Islands, the largest group of islands 
remaining on the Great Plains, and carries sufficient wa-
ter throughout most of the year to allow canoeing and re-
lated activities./ 
Recommendations for protected areas were based on comparing ex-
isting recreational supply with predicted recreational demands for 
the future. Demand was converted to water and land acres by using 
capacity standards and design load factors; the demand was then com-
pared to supply to obtain the needed acres. A table in the Appen-
dix of that publication provides a "Potential Recreation Area In-
ventory. II 
Several State agencies and organizations have made recommenda-
tions about protection of selected elements of the environment, 
usually for specific purposes. For example, the Department of Roads 
focuses on environmental factors that relate to specific routes of 
potential highways. The Coordinator of Systematic Collections, Uni-
versity of Nebraska State Museum, possesses information about fossil 
sites of significance. Likewise, the Nebraska Game and Parks Com-
mission deals primarily with areas possessing geologic phenomena 
that can function in a recreational capacity. Reference has been 
made already (see Chapter II) to the Environmental Features Study of 
the Eastern Nebraska Urban Region, which classifies areas containing 
important natural features, e.g., quarries with fossils, glacial 
features, and escarpments. In the Commission's plan for outdoor re-
creation (SCORP), it specifies that lithe Niobrara River Valley, the 
Pine Ridge Area of the Panhandle, Missouri River blufflands and 
other smaller sites which are outstanding due to their rarityll quali-
fy for consideration as "outstanding natural resources ll • 8 
Another agency, the Nebraska Department of Economic Develop-
ment, Tourism Department, examines areas in the State for their 
value in terms of: (1) the enhancement of the quality of life of 
the local citizens, (2) the enhancement of the quality of the travel 
and recreation participant experience, and (3) the preservation and 
enhancement of environmental quality in its broadest sense -- eco-
logical, historical, cultural, and sociological. 9 Some of the 
places singled-out are these: Boyer Chute of the Missouri River, 
the Lower Platte River from Columbus to its mouth, the North Platte 
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River, the lower reaches of the Elkhorn River, the Niobrara River, a 
Sandhills Natural Area, the Pine Ridge, Sowbelly Canyon, and other 
multipurpose areas. 
The Nebraska Soil and Water Conservation Commission, State Water 
Plan (Appendix A) summarizes its assessment of the State's important 
geologic features. 
Nebraska has a variety of geologic features, and most of 
these features occur over a large area so it is difficult 
to classify any as scarce or unique resources. . .. The 
Sand Hills are an example of the large areal extent of 
sandy loess deposits. Although the Sand Hills are unique 
geological features, they are in little dange of being 
impaired or destroyed because of the areal extent they 
encompass. 
There are, however, some qeoloqical features which contain 
areas that should be preserved-and protected for their 
educational and environmental attributes because their 
areal extent and occurrence is extremely limited. The 
White River Group (Oligocene), which is composed of the 
Brule and Chadron Formations, forms interesting weathered 
features in the Pine Ridge area. The more resistant sand-
stones remain while the less resistant clays have been e-
roded, producing features such as those found in Toadstool 
Park. The Harrison Formation of the Arikaree Group (Mio-
cene) contains the Agate Springs fossil deposits in Western 
Nebraska. The Smokey Hill Member of the Niobrara Formation 
(Cretaceous) forms chalk bluffs along streams which should 
be carefully evaluated before any change is made by develop-
ment. Two of these geologic features are the chalk bluffs 
along the Republican Valley from Alma to Guide Rock and 
the chalk bluffs along the Missouri River from Cedar County 
to Great Bend north of Chamberlain, South Dakota. 10 
The Nebraska Conservation and Survey Division acquires maps and 
data about potential resource areas for sand and gravel, limestone, 
clay, shale, uranium-bearing rocks, coal, diatomaceous earth, quart-
zite, volcanic ash, and gypsum. The Remote Sensing Center is accumu-
lating and interpreting considerable data on natural phenomena of the 
State, some of which -- e.g., tectonic lines -- were undetected prior 
to the acquisition of massive aerial imagery. 
More general data are available from the Nebraska Natural Re-
sources Commission and the Nebraska Environmental Coalition. The 
former, in its Report on the Framework Study, Lan~ Inventory, states 
that some geological features exist in areas IIthat should be preserved 
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and protected for their educational and environmental attributes l because their areal extent or occurrence is extremely limited." l 
The Nebraska Environmental Coalition is a valuable source of 
nominations for critical environmental areas in Nebraska because 
it combines the perspectives and resources of several organiza-
tions such as the Audubon Society, Nebraska Association of Na-
tural Resources Districts, Sierra Club, Soil Conservation Society 
of America, The Wildlife Society, and the Nebraska Wildlife Feder-
ation. 
B. Vegetation 
Rationale/Uses 
In the absence of or lack of modification by humans, distinct 
vegetative assemblages evolve and become established in equili-
brium with climatic regions. The type, variety, and abundance of 
natural vegetation has a direct and important effect on soil fer-
tility and development, cyclic renewal of oxygen, nutrients, and 
water, unique wildlife habitat, soil stability in relation to ero-
sive processes, and genetic diversity in native plant species. 
In the presence of presence of human activity, natural vege-
tation presents a resource which, with modification, can be used 
for timber, forage for livestock, and wild hay harvesting. Addi-
tionally, large areas of natural vegetation offer opportunity for 
educational and scientific work, esthetic appreciation, and recrea-
tional development. 
1. Educational and scientific value. 
In the broad sense, areas of natural forests and grasslands 
provide laboratories for the observation and study of floral and 
faunal reproduction, succession, and interaction with a known and 
relatively naturally controlled habitat. These natural areas, 
when separated spatially, can provide comparative information on 
variations in envjronments. Additionally, perhaps of great im-
portance in a time when development of resources is based upon 
analysis of costs and benefits and the necessary information is 
often lacking in a man-made vegetative environment, the study 
of natural vegetative areas can provide the scientist and the 
decision-maker with the information necessary to compare costs 
and benefits and arrive at a rational decision. 
In Nebraska the climatic variation is from sub-humid in the 
east to semi-arid in the west. The vegetative diversity manifested 
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by this transition is noticeable. Along the eastern border (Missouri 
Valley) the Eastern Deciduous forest prevails along both lowlands and 
uplands. With decreasing moisture westward, the forest becomes con-
fined to water courses extending into the central part of the State 
with a tall grass prairie vegetative type dominating the uplands. 
Through the central region the tall grass becomes mixed with short 
grasses that eventually dominate toward the west. Several noticeable 
variations occur along this east-west transect. The Sand Hills mani-
fest a unique grassland association that is specially adapted to the 
thin, sandy soils of the area. The Niobrara River valley provides 
the only environment in North America sufficiently moderate to allow 
the Eastern Deciduous and the Rocky Mountain Coniferous forests to 
intermix and join. In the northwest portion of the State (Pine Bluff 
Escarpment and others) elevations, amounts of moisture, and exposure 
are such that the Rocky Mountain Coniferous forest becomes an impor-
tant vegetative type. Finally~ of very uniqup. occurrence, the pre-
sence of the Paper Birch as a naturally occurring tree in the central 
Niobrara valley represents the farthese equatorial presence of this 
northerly species -- a remnant of the cooler climatic regime of the 
Pleistocene Epoch. 
The study of the specific vegetative and faunal associations pro-
duced through longitudinal and latitudinal climatic variations is and 
can be of major educational and scientific value. Our understanding 
of the complex interrelationships which prevail in these areas can 
provide continual and vital information relating to (a) the effects 
of human disturbances in sensitive and fragile ecosystems, (b) de-
velopment of sensitive and logical guidelines designed to reduce in-
terference with fragile ecological systems, (c) management of such 
lands for maximum ecological and developmental practices, and (d) pre-
servation for future generations. 
2. Ecological preservation. 
Vegetation performs a variety of necessary functions in the main-
tenance of ecological balance. The photosynthetic processes of plants 
remove atmospheric pollutants while releasing necessary oxygen. It is 
assumed that the greatest amount of photosynthetic activity occurs 
within the world ocean and the large stands of forests in tropical 
regions. However, expansion of clearing activities in the forest, 
continual degradation of ocean waters, and expanding destruction of 
vegetative areas near urban centers tend to reduce the oxygen regener-
ative capability of vegetation on a world scale. It can be assumed 
that there is a level of vegetative destruction (although unknown) 
which, when reached, would cause pollutants to accumulate in an atmo-
sphere faster than they could be removed and oxygen production to be 
sufficiently reduced to cause deterioration (if not destruction) in 
the quality of life. 
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Secondly, vegetation at the earth's surface serves the function 
of incorporating inorganic minerals from the weathered rock into 
the vegetative system when they are available immediately or secon-
darily to floral/faunal forms. With few exceptions, this is the ma-
jor means of bringing inorganic nutrients necessary for life into 
the nutrient cycle, Through a complex process involving the inter-
actions of climate, slope, parent material, and time, the vegeta-
tion and mineral association produce soils of varying character-
istics and qualities upon which not only human but other animal 
forms are ultimately dependent. 
The protection and preservation of natural plant species allow 
the preservation of genetic diversity. Diversity is important to 
the process of evolution and can directly affect humans. Native 
plants can serve as a genetic pool that can be used to modify do-
mesticated varieties. In addition, some species not considered 
useful not may prove indispensible for a future need, and there-
fore they represent a vital form of insurance. 
3. Habitat for wildlife. 
See "C. Wildlife" and liE. Wetlands", 
4. Land protection. 
Vegetation, when in equilibrium with the environment, serves 
the additional and profound role of acting as a soil stabilizer. 
Vegetation acts to hold soil particles in place and, thus, reduce 
the intensity of erosive processes which remove not only weathered 
rock material but also the valuable nutrients that have been intro-
duced into the mineral cycle. Vegetation retards the velocity of 
surface water flow to the extent that removal of nutrients and 
weathered material does not ordinarily exceed production of these 
components. This has the two-fold effect of (1) reducing sedi-
mentation rates in streams and (2) reducing the intensity of flood-
ing. Examples of cases of vegetative removal, soil depletion, 
stream sedimentation, and excessive flooding are common throughout 
the literature of soil conservation; and extensive governmental 
and educational efforts to insure awareness of these degradational 
effects are prominent (i .e., Soil Conservation Service, Agricul-
tural Stabilization and Conservation Service). 
5. Recreation. 
The recreational aspects of natural vegetation are variable 
depending on the type and intensity of involvement desired by par-
ticipants. For some, large tracts of land with relatively isolated 
areas might provide the fullest activity while, for others, small 
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accessible parcels of area might suffice. For many, a simple "walk 
in the forest" or "Sunday drive" might provide the greatest benefit. 
Non-motorized recreation generally involves the enjoyment of 
plants, animals, and their environments. In Nebraska many environ-
mental groups participate in annual bird and wildlife counts and 
surveys and observations of migrating bird flocks (e.g., Sandhill 
Cranes, Canadian Geese, Whooping Crane) in the special environments 
in wooded and riverine environments. Large tracts of land of sev-
eral thousand acres, through care, can provide a full range of 
activities. Small parcels along railroad right-of-ways, isolated 
preserved sections, and undeveloped lands may suffice. However, in-
tense interference in fragile vegetative environments or during pri-
mary cycles can alter and/or destroy the features that are signi-
ficant. 
Nebraska is noted for its exceptional hunting and fishing re-
sources, and these activities remain as one of the most popular re-
creational activities in natural areas. Pheasant, wild turkey, and 
grouse represent the primary upland game varieties of fowl while 
geese and ducks are taken in bottomland-wetland areas each fall. 
Deer and antelope are also hunted with the former throughout the 
State and the latter in the western portions. Most species of game 
animals require the food and cover of a relatively undisturbed ve-
getative environment. 
Motorized recreation in natural areas is generally incompatible, 
especially in grasslands and wetlands, because of the damage it can 
inflict. In forested areas motorized vehicles can cause problems in 
soil compaction, destruction of ground cover, and degradation of 
understory vegetation. Additionally, such vehicles can disrupt and 
discourage wildlife, alter normal plant-animal associations, and lead 
to conflict with participants in non-motorized recreational activities. 
6. Plant production. 
Another rationale for preserving an area with natural vegeta-
tion is the direct use of the vegetation for commercial products. In 
general, few forest products are sold from Nebraska, so the purely 
economic impact of losing this resource would be small. In contrast, 
total income from wild hay and cattle foraging on grasslands is sig-
nificant in Nebraska today. However, in purely marketplace terms 
(i.e., eliminating the costs and benefits of other uses discussed 
above), it is questionable whether natural vegetation used for live-
stock feed is the most profitable form of production. The rate at 
which private land in Nebraska is being converted from grassland to 
irrigated cropland demonstrates the economic advantages farmers are 
realizing from land used to produce crops other than the natural 
vegetation. 
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Criticality 
1. Educational and scientific value. 
Distance from schools is a criterion important at one scho-
lastic level; certainly the location of Fontenelle Forest in Omaha 
affects the educational lives of more persons than if it were 
situated near Halsey Forest. However, the utilization of the 
Cedar Point Biological Field Station by university scholars may 
be enhanced somewhat by its distance from the disruptive in-
fluences of large urban areas. Quality and scarcity compared to 
the State and national levels and threat from incompatible uses 
are other critical factors. 
2. Ecological preservation. 
For this objective, size plays a role in addition to other 
factors such as scarcity and potential threats. For example, the 
large areal extent of the grasslands of the Sand Hills allows 
greater opportunities for the natural ecological system to escape 
disruption than in small areas. 
3. Habitat for wildlife. 
Measurements of criticality can incorporate criteria sug-
gested for Wetlands (see Table II-13 in Chapter II) and/or the 
Interspersion Index used by the Nebraska Game and Parks Commis-
sion for the Environmental Features Study of Eastern Nebraska 
Urban Region (see below). 
4. Land protection. 
Factors related to surface erosion, e.g., degree of slope 
and soil type, plus threats from incompatible uses are relevant 
for measuring this component of vegetative value. 
5. Recreation. 
See "Recreation" under !lA. Geologic Features". 
6. Plant production. 
Market value conditions, both current and estimated for the 
future, provide measurable criteria for assessing costs and bene-
fits from natural vegetation versus alternate land uses. 
Data Sources 
Agencies and organizations enumerated for the Geologic 
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Features (see "A." above) include most of the primary data sources. 
However, the following sources should be noted especially. 
The Remote Sensing Center has conducted various research pro-
jects that classified land use in the State and in selected Natural 
Resources Districts, that identified areas in the Sand Hills with 
low density vegetation and thus poor protective cover, and that 
located those areas in the State with native grasses. Also, a co-
operative study with MAPA personnel has located natural prairie 
sites in eastern Nebraska. 
The Nebraska Game and Parks Commission possesses valuable data 
about native vegetation in the State. In addition to inventories 
of the public use areas that contain native vegetation (e.g., In-
dian Cave State Park, Schramm Park, Pawnee Prairie Wildlife Area), 
the Commission has made recommendations about other important areas 
with natural vegetation. In an interagency study, an area near the 
confluence of the Loup and Platte Rivers was recommended for pre-
servation; in another study restricted to eastern Nebraska, several 
areas (including an extensiv I2area south of the Platte River near Morse Bluff) were specified. From a different perspective, the 
Commission classified each square mile areal unit of the State ac-
cording to an Interspersion Index, which associated the dominant 
vegetative type with major animal habitats. I3 
Other sources included educational institutions that maintain 
ecological research lands and conservation organizations that re-
serve virgin areas. As examples, the University of Nebraska has 
reserved important areas of native vegetation at the Cedar Point 
Biological Field Station near Keystone, the Reller Tract near 
Sprague-Martell, and some virgin land near Virginia; similarly, the 
Nature Conservancy of Minneapolis is preserving natural negetation 
in the Arapaho Prairie in Arthur County. 
C. Wildlife 
Rationale/Uses 
Wildlife is an essential element in evaluating the environment 
because faunal associations are an important dimension in the earth's 
ecosytem. Consequently, the justification for protecting areas of 
wildlife habitat for (1) Educational and scientific value and (2) 
Ecological preservation are similar to those discussed above (see 
"A. Geologic Features"). 
3. Recreation. 
One of the most popular participatory sports in Nebraska is 
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hunting/fishing. This form of outdoor is important in the recrea-
tional life of Nebraskans as well as tourists who visit the State 
for hunting and fishing. This is illustrated partly by the empha-
sis on the sporting aspect of wildlife management provided by the 
Nebraska Game and Parks Commission. 
Although probably less common than killing wildlife, photo-
graphing and watching wildlife are other forms of recreation en-
joyed by both Nebraskans and tourists to the State. Annual pil-
grimages of persons to observe bird migrations along the Platte 
River and the numerous publications picturing Nebraska wildlife 
attest to the popularity of these forms of recreation. 
Criticality 
1. Educational and scientific value. 
Scarcity of wildlife forms at both State and national scales, 
changes in the size of the specie population, and threats from in-
compatible uses are factors that should be included in evaluating 
criticality. Also see "Geologic Features ll (above). 
2. Ecological preservation. 
One scheme for identifying rare and endangered species and 
their habitats is that reported by Nebraska's Rare and Endangered 
Wildlife, Nebraska Game and Parks Commission: 
The animal under consideration must meet at least one 
of the following criteria to be classified as endan-
re)ed: 1 habitat essential for continued survival is threat-
ened with destruction or disturbance and the animal 
is in immediate jeopardy; 
(2) evidence is available that the species or sub-
species exists in such small numbers that repro-
duction may be non-existent or limited and prob-
ably consistently less than mortality; 
(3) environmental pollution or use of toxic materials 
in animal damage control threatens the survival 
of the species or subspecies; 
(4) occurs only as migratory species or subspecies in 
Nebraska and is listed as endangered by the U.S. 
Fish and Wildlife. 
The animal under consideration must meet at least one 
of the following criteria to be classified as rare: 
(1) habitat requirements are threatened and the animal 
is incapable of adapting to other habitats or 
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environmental conditions; 
(2) the animal exists in small numbers because of 
specialized habitat requirements and limited 
habitat and its numbers are declining; 
(3) the species or subspecies in Nebraska is endemic 
to a particular locality of specialized habitat 
and if habitat conditions worsen, the animal can 
become endangered; 
(4) current management practices may not be ade-
quate in preventing the decline of the animal 
and there is need of additonal study and cor-
rective measures to assure its survival; and 
(5) although occurring in Nebraska at the edge of 
its natural range or in only a migratory capac-
ity the animal exists nowhere else in the world 
in substantial numbers. 14 
3. Recreation. 
At least four phenomena might be utilized in rating a hunting/ 
fishing area for its recreational value: (1) the scarcity at the 
State and national level of the species found in the area, (2) the 
demand or pressure for hunting/fishing the particular specie common 
to the area, (3) the absolute distance of the area from population 
centers, and (4) the distance of the specific area from population 
centers relative to distances to alternate areas of comparable hunt-
ing/fishing quality. 
Da ta Sources 
In addition to sources listed above (see "A. Geologic Features" 
and liB. Vegetation"), a few others, which have dealt with rating 
areas in Nebraska according to their associated wildlife, should be 
noted. Personnel from the Nebraska Game and Parks Commission have 
delineated game ranges by IOOO-acre areal units, except for small 
important habitat areas, and have classified animal densities by num-
ber per square mile. Likewise, streams were classified by habitat 
type and fishing waters on the basis of importance to anglers. lS In 
evaluating the classification scheme, the following should be noted: 
While qualities such as aesthetics, productivity and 
availability were not directly considered in assigning 
waters to the various classes, it is assumed that ex-
isting use is a direct reflection of these qualities. 
It is also recognized that nearly all streams in the 
state are severely deqraded by sedimentation, result-
ing primarily from improper land use or treatment. 
While this quality factor is not considered directly 
in the classification, it is assumed to be directly 
relected by the high number of streams in Class 4. 
The fact that Nebraska does not have any water in 
Class 1, or of national importance, is also consid-
ered to be direct reflection of the sedimentation 
factor .16 
An area recommended for special attention by the Missouri 
River Basin Commission is a section of the Platte River: 
The Platte River, from Lewellen to Grand Island, 
except for a segment between North Platte and Lex-
ington, is a primary stage site for lesser sandhill 
cranes on their annual spring migration, with typi-
cal concentrations numbering 200,000. In addition, 
thousands of migrating waterfowl and numerous eagles 
are common to this reach of the Platte River. Since 
this is the only known area to be acceptable for use 
by more than 80 percent of the continental popula-
tion of lesser sandhill cranes, proper management 
of this river resource is important. I7 
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. Up-to-date information about Waterfowl Production Areas, e.g., 
those designated in the Rainwater Basin in south-central Nebraska, 
is available from the Bureau of Sport Fisheries and Wildlife, U.S. 
Department of Interior. 
Organizations, especially those whose local chapters are 
affiliated with the Nebraska Environmental Coalition (see page 
59), often specify areas they consider critical for wildlife. 
For example, the National Wildlife Federation purchased land near 
Fort Randall Dam to protect the winter home of bald eagles, and 
the National Audobon Society owns the Lillian Annette Rowe bird 
sanctuary near Gibbon. 
D. So i 1 s 
Rationale/Uses 
1. Agriculture. 
Although the relationships between quantity and quality of 
soils and agricultural productivity lack precision, the general 
dependence of agriculture on soil is obvious. The need for pre-
serving some areas with prime soils for agricultural uses is well 
accepted in Nebraska so requires little additional justification 
in this report. In general, the problem concerns priorities about 
land use in specific areas. Valuable agricultural lands have been 
removed permanently from agricultural usage by expansion of urban 
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areas and extensive highway development. Questions arise about 
whether certain lands should be reserved for agriculture because 
of their superior qualities even though non-agricultural activities 
can outbid agricultural production at the present time. 
2. Support for natural vegetation. 
See liB. Vegeta ti on ". 
3. Foundation for construction. 
Soils also serve as a primary ingredient for the construction 
of highways, dams, and similar structures requiring fill. In these 
cases the use of soil resembles that of other construction materials 
(see !IA. Geologic Features") having an abundance close to the demand 
location. 
4. Hazards. 
The movement of soil from one place to another by wind and water 
erosion and deposition constitutes one of the main hazards from soils 
in Nebraska. The retention of soil by existing fragile areas to pre-
vent damage elsewhere is another rationale for identifying critical 
soil areas. 
~riticality 
1. Agriculture. 
The task of determing criticality is simplified somewhat by the 
market value for agricultural output. Therefore, 
... one must discuss criticality of agricultural land 
in terms of demand of food and fibre products and with 
reference to specific market failures. The most popular 
argument for the preservation of agricultural land rests 
on the inability of the private market to incorporate 
long term or future demand. With increasing human popu-
lations even marginally productive lands will be needed 
in the future. Of course, the argument takes on differ-
ent dimensions depending on the frame of reference --
regional, national, or global. A corollary to this 
argument is that location should be the prime determi-
nant of criticality (central locations reduce transpor-
tation costs). The liberal use of inexpensive ferti-
lizer and water for irrigation reinforces this position. 
However, an alternate point of view holds that natural 
productivity of the soil rather than location should be 
the principal consideration. This is based on the belief 
that the cost of energy will be the controlling fac-
tor in future prices of food. Thus, those lands which 
requirE use of energy-intensive fertilizer and water 
are the least critical. Another consideration is the 
extent to which critical agricultural land should pre-
sently be in a large agricultural belt or region where 
an infrastructure of service industries already exists. 
Thus the concept of agricultural criticality is 
fraught with a number of difficult conceptual problems. IS 
2. Support for natural vegetation. 
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It is the veqetation that is valued in this case, so criti-
cality is determined best by the variations in the existing vege-
tative cover' (see liB. Vegetation"). 
3. Foundation for construction. 
Specific construction projects may use assessment criteria 
unique to the local site, but usually they include factors simi-
lar to the following general ones: amount of soil available, 
quality, ease of extraction~ plus distance to and size of po-
tential demand. Each of these factors may be detailpd more, 
e.g., quality may be subdivided by texture, compaction, mois-
ture content, and similar characteristics relating to suitability 
for construction purposes. (See also "A. Geologic Features, 
Mineral Productioni/.) 
4. Hazards. 
Susceptability to 
estimated on the basis 
and protective cover. 
tance to and value of 
tion. 
Data Sources 
erosion by wind and water erosion can be 
of soil characteristics~ slope conditions, 
Other criticality factors may include di5-
phenomena subject to potential soil deposi-
In addition to those sources listed under "Geologic Features l ', 
the soil maps produced by the Nebraska Conservation and Survey Di-
vision are primary sources. For the counties mapped, these provide 
a wealth of information about soil characteristics, potential uses, 
and a large-scale map of locations. 
The Report on th~ Framework Study, Appendix ~: Land Inventory 
contains a section entitled "Soil Resource Groupsl!, which classi-
fies Nebraska soils into 56 SRG (Soil Resource Groups). Each 
group possesses a productivity index for both irrigated and non-
irrigated lands. 
70 
The U.S. Department of Agriculture land-use-capability classi-
fication system specifies eight land-use classes. Generally, Classes 
I-IV are considered to be capable of producing cultivated crops, 
trees, pasture and/or range grasses. 
A major data source being produced at the time of this report 
is the inventory of farmland undertaken by the Soil Conservation Ser-
vice, U.S. Department of Agriculture. Counties with, and in close 
proximity to, urban and other areas undergoing rapid land-use change 
are being mapped and categorized into four classes: Prime Farmland, 
Unique Farmland, Additional Farmland of Statewide Importance, and 
Additional Farmland of Local Importance. In Nebraska the counties 
of Douglas, Sarpy, and Saunders are to be mapped in 1977 while Wash-
ington, Hall, and Dakota are scheduled for completion by 1980. 
E. Wetlands 
Rationale/Uses 
Wetlands, as part of the total ecosystem, interact with many 
other phenomena essential for maintaining a high-quality environment 
and a good life. Their relationship to waterfowl and other aquatic 
life is both direct and indirect. Not only does the destruction of 
a specific marsh or shallow lake destroy its associated wildlife, but 
the reduction of waterfowl areas creates crowding and the spread of 
diseases at remaining wetlands. 
Other values of wetlands include the storage of surface 
water for groundwater recharge, retention of surface water 
for livestock watering, stabilization of runoff, reduction 
or prevention of erosion, production of timber, creation 
of firebreaks, and the provision of an outdoor laboratory 
for students and scientists. Cash crops such as minnows 
(for bait), muskrats, and marsh hay are produced in some 
areas. Wetlands also ~erve as catch basins for sediments 
and excess nutrients. 1 
These uses, plus others discussed in sections on IIGeologic 
Features " and "Wildlife", might be organized under the broad cate-
gories of (1) Educational and scientific value, (2) Habitat for wild-
life, (3) Recreation, and (4) Agriculture. 
C r i tic ali ty 
Establishing a comprehensive set of elements for evaluation the 
criticality of wet areas is necessary because the market value of wet-
lands based only on immediate economic return is too restrictive. 
All too often, the basis for judging the worth of a wet-
land is only the dollar land value of dollar return from 
use af er drainage. This is because of a failure to 
recogn ze the preservation responsibilities and be-
cause other values are less specific than numerical 
denominations expressed as dollars. Factors that lead 
the landowner to make the final decision to invest ef-
fort and money to destroy wetlands have the greatest 
importance. National recognition of wealth gained 
through exploitation of natural resources has gener-
ated a philosophy that this is not only acceptable 
but almost expected of a resourceful individual. A 
popular view is that a natural marsh constitutes a 
hazard~ and therefore is a menace to humans. This at-
titude has helped place the marsh in low regards and 
is probably a carry-over from ear'l ier times when wet-
land a~aas were associated with disease-carrying in-
sects. 
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The task of evaluation and defining critical wetland areas in 
Nebraska is important because wetlands are not protected by legal 
classification of State water statutes and because of rapid wet-
land destruction. According to the Nebraska Game and Parks Com-
mission's IiSurvey of Habitat, Work Plan K-7111, sixty-five per 
cent of the original wetlands in the Rainbasin counties had been 
destroyed by 1972. Furthermore~ many of the remaining wetlands 
had been reduced in size and quality.21 
Various groups have advocated greater care for Nebraska's wet-
lands. To illustrate: 
Acceleration, reinstatement, or creation of programs, 
such as or similar to the Water Bank Program, Soil 
Bank Program, Conservation Acres Payment Program, and 
and the Wetland Acquisition Program would directly or 
indirectly provide better public access to preserved 
and improved habitat. Federal, state, and local poli-
tical subdivisions should play the leas roles in es-
tablishing or eXR~nding such programs and in funding 
them adequately.~~ 
It is the theme of this report, however, that in addition to these 
special programs, wetlands be identified and delimited as part of a 
total system of critical environmental areas in Nebraska. 
1. Educational and scientific value. 
A possible set of criteria is examplified by Table II-II (page 
45), which illustrated criticality schemes discussed in Chapter II. 
2. Habitat for wildlife. 
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See Table 11-10 (page 44). 
3. Recreation. 
See Tables 11-12 (page 46) and 11-13 (page 47). 
4. Agriculture. 
See Table 1I-14 (page 48). 
Data Sources 
Sources of information on potential critical wetlands are these: 
(1) a listing of Waterfowl Production Areas from the U.S. Depart-
ment of Interior; 
(2) three maps produced by the Remote Sensing Center (Nebraska 
Conservation and Survey Division) that show the most concentrated 
areas of wetlands in the State; 
(3) the results of monitoring, which is now in progress, by the 
Remote Sensing Center of the Sandhill lakes to determine changes in 
water levels and quality. 
Obviously these are not the only sources of information about 
wetlands in Nebraska; but, when comined with the data sources listed 
for previous environmental elements plus those for "Lakes and Streams" 
(below), they provide a first approximation of areas that need to be 
evaluated for their potentiality as CEA. 
F. Lakes and Streams 
Ra tiona 1 e/Uses 
Water is considered our most precious resource. The role of water 
permeates our lives so thoroughly that it is difficult to ennumerate all 
its uses. Some of the general categories of use follow. 
1. Ecological preservation. 
Water is essential to support the entire life systems of the earth. 
Surface waters in the forms of lakes and streams are part of the hydro-
logic cycle, the circulatory system of water. 
2. Human consumption. 
Many cities in Nebraska depend on surface water for their water 
supply. When these waters become contaminated (e.g., when community 
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water systems become tainted with biological waste)23 or experience 
shortages, the crisis reinforces our awareness about water dependency. 
3. Waste disposal. 
Naturally running water aids in the disposal of wastes for 
urban and rural residential populations, factories, and livestock 
producers. Indeed, the growing concern about overloading lakes and 
streams with waste materials emphasizes our dependency on this func-
tion. 
4. Agriculture. 
Lakes and/or streams are the source of irrigation water and 
water for livestock. The interrelationship among Nebraska IS econo-
mic well-being, livestock production and irrigated crops, and the 
availability of surface waters is to fundamental that everyone ac-
cepts this simple fact. Yet, the nature of these relationships and 
the optimal allocation of water are so complex that the future ap-
pears laden with controversies about water usage. 
5. Industry. 
Water is utilized as a raw material, as a processing agent, as 
a means of temperature control, for waste disposal> and as a mode 
for transporting goods to and from the factory. 
6. Transportation. 
In addition to moving factory goods, a stream, particularly 
the Missouri River, is useful for transporting agricultural pro-
ducts and energy goods. 
7. Power generation. 
As a potential source for power in an energy-hungry society, 
surface water becomes increasing valuable. 
8. Habitat for wildlife. 
Numerous species spend much or all their lives in aquatic 
environments, so surface water is vital for their survival. When 
streams run dry, as t~~y did in northeastern Nebraska in 1976, 
many fish are killed. 
9. Recreation. 
Some water activities are canoeing, boating, sailing, water-
skiing, swimming, ice skating, fishing, and viewing. 
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10. Hazard. 
The llavoidance ii factor of i akes and streams concerns the flood-
ing of areas bordering streams. Although many persons real ize the 
probabilities of destruction to man-made structures built on flood-
plains, many are tempted to build in these hazardous areas. The i-
dentification of areas that are critical due to flooding continue to 
be important for the wise planning of land along streams. 
C ri t i ca 1 i t\1 
___ c ____ ':J..... 
An enumeration of uses for water and the justification for pre-
serving areas possessing good surface water could be expanded, but 
the crux of concern focuses on evaluating the relative merits of 
these many demands for water. The primary needs are for a complete 
inventoY'y of the State's \Nater and its uses 25 and updated legislative 
prescriptions about priorities and guidelines for making decisions 
about water conflicts. Hopefully the procedures for tackling these 
problems will involve the diverse interests of Nebraska citizens 
(see Chapter IV), but some aspects of criticality evaluation are 
suggested here. 
1. Ecological preservation. 
Disruption to the natural hydrologic cycle is a primary concern. 
This is not to aeny that water control by diverting, draining, damming, 
and transfering surface water produces many benefits, but a cost factor 
that represents the possible detrimental impact from ecological dis-
ruption needs to be assessed against those benefits. 
2. Human consumption. 
Criticality factors should include the quantity and quality of 
the supply and its resources, estimated demands on the water supply 
in the area being rated, distances of the evaluated area from popula-
tion centers, relative distances between population centers and al-
ternate source areas for water, and the threat from incompatible uses 
of the a-(ea. 
3. Waste disposal. 
Both the size of the water body and the estimated demands on it 
for disposing of waste must be assessed. Furthermore, the geographic 
location of a water body relative to the location of population cen-
ters producing wastes and their alternative waste sites should be 
measured. 
Although certain areas of surface water may be judged valuable 
as a means of disposing waste, they should not be detrimentally over-
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used. That is, the excessive disposal of wastes may damage the very 
waters being reserved for waste disposal. Indeed, it is this direc-
tional influence that may be the more critical because approximately 
90 per cent of the waste disposal sites in Nebraska are IIdefi~~ent 
operations that contribute to air, water, or land pollution." 
4. Agriculture; 5. Industry; 6. Transportation; 7. Power genera-
tion. 
The components of a cost-benefit analysis are suitable handles 
for measuring criticality for these economic activities. However, 
the techniques of cost-benefit analysis may provide comparisons of 
various water areas used solely for transportation or for industry 
or for similar production; but rarely are waters restricted to a 
single use. It is the combination of uses and potential demands 
that makes it necessary to evaluate areas on the basis of multiple 
criteria, including less "economic" factors. In fact, the concept 
of critical environmental areas encompasses a comprehensive view 
that expands decisions beyond only immediate market results. 
8. Habitat for wildlife. 
Factors for rating areas according to their variations in wild-
life were discussed above ('IC. Wildlife il ). The critical problem in 
Nebraska now is the incorporation of these wildlife ratings with 
ratings for other water uses. At the present time Nebraska water 
laws do not consider fish and wildlife, recreation, and other public 
values as legally beneficial uses. 
In order to appropriate water from any stream, one must 
divert the water for a beneficial use. However, recrea-
tion and fish and wildlife are accorded no priority of 
water uses in Nebraska. According to Article IV, Section 
6 of the State Constitution, when the waters of any na-
tural stream are not sufficient for all uses, preference 
shall be given to the use of such water for domestic, ag-
ricultural, and manufacturing purposes. 27 
9. Recreation. 
Nebraska streams are subject to varying degrees of degradation 
and loss to outdoor recreation. The rate of such loss is estimated 
at one per cent annually.28 If selected water areas are to be pre-
served for recreational purposes, then potential areas should be 
assessed so the most suitable places receive special recognition. 
Suitable factors for assessment of an area might include: (1) 
scarcity at State and national scales, (2) quantity and quality at 
various times of the year, (3) distance from population centers, 
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(4) quantity and quality of intervening opportunities between the 
area and population centers, and (5) threat from incompatible uses 
(e.g., swimming vs. waste disposal). 
10. Hazard. 
Although streams may possess a hazardous component in the form 
of damage by flooding, it should be cognized that floods produce 
some positive effects. Floods may revitalize streams, remove con-
stricting vegetation from the channel, allow fish to move into new 
areas, and deposit fertile silt on riparian lands. But it is the 
tendency of man to build structures on floodplains and thus court 
disasters when flooding occurs. Some persons advocate controlling 
flood by constructing large dams. Not only does this method elimi-
nate the benefits of floods, but it is not solving the problem of 
flood damage to expensive buildings, equipment, and other possessions. 
Historical flood data indicate that the value of damages continues to 
increase even though a large number of flood-control programs have 
been implemented. 29 
An alternate solution is a restriction on the type of uses al-
lowed on floodplains. Rather than placing high-value urban buildings 
on land subject to flooding, the land can be designated for less in-
compatible uses (e.g., recreation, some agriculture, wildlife sanc-
tuari es) . 
A first step toward determining criticality has been established 
already. In 1967 the Nebraska Legislature directed the Nebraska Na-
tural Resources Commission to commence a comprehensive program for de-
lineating floodways along every water course in the State. 
This act makes it unlawful to construct any building, or 
other obstacle, one year after the NNRC has designated a 
100-year flood plain zone which, during j~mes of flooding, 
could endange public health or property. 
Data Source 
A multitude of agencies maintain information about water resources 
in Nebraska. In addition to, or repeating from, the general data 
sources listed under "A. Geologic FeatureslI are the following: 
U.S.D.I., Bureau of Reclamation 
U.S.D.I., Bureau of Land Management 
U.S.D.I., Geological Survey 
U.S.D.I., Fish and Wildlife Service 
U.S.D.I., Bureau of Outdoor Recreation 
U.S.D.A., Soil Conservation Servive 
U.S.D.A., Watershed Protection 
u.s. Water Resources Council 
U.S. Army Corps of Engineers 
Environmental Protection Agency 
U.S.H.U.D., Flood Plain Management Service 
Missouri River Basin Commission, Platte River Basin Study 
Nebraska Dept. of Water Resources 
Nebraska Dept. of Environmental Control 
Nebraska Conservation & Survey Division 
Nebraska Water Resources Research Institute 
Nebraska Natural Resources Commission 
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Some data already indicates a first step toward preferential 
treatment of surface waters. One is the list of meandered lakes 
in the State~ In 1929 the Nebraska Legislature made the beds of 
meandered lakes, which are non-navigable and not patented to pri-
vate individuals by the U.S.3~overnment, the property of the State 
and dedicated to the public. A second is the stream classifica-
tion scheme associated with fishing potential (see "C. Wildlife ll ). 
A third is the designation of three canoe trails, those on stretches 
of the Republican, Dismal, and Platte Rivers. 
A fourth is the classification, ranking, and/or mapping of 
various water uses by the Nebraska Natural Resources Commission, 
which is reported in The Framework Study. This same report also 
proposes: 
The following rivers or reaches of rivers, although all 
are not in a pristine condition, possess attributes 
which qualify them for consideration of preservation 
in their existing free flowing state: 
1. Niobrara River from its confluence with Antelope 
Creek downstream to the headwaters of the proposed 
Norden Resevoir, including the lower 8 miles of the 
Snake River tributary 
2. Snake River from its headwaters to the headwaters of 
Merritt Reservoir 
3. North Loup River from its headwaters to 18 miles west 
of the Taylor Division Dam 
4. Middle Loup River from its headwaters to the Milburn 
Diversion Dam 
5. Dismal River from its headwaters to its mouth 
6. Missouri River from Lewis and Clark Reservoir west 
and north along the Nebraska border 
7. Missouri River from Yankton to South Sioux City 
8. Platte River from the mouth of the Loup River to the 
confluence of the Missouri River 
9. Big Blue River from Crete to Beatrice. 
The reach of the Niobrara and lower Snake River is being 
reconsidered for classification as a wild river by the 
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Federal Government under the Wild and Scenic Rivers 
Act of 1968. 
Other Nebraska rivers with particularly valuable, na-
tural characteristics may qualify for federal designa-
tion as wild, scenic, or recreation rivers. Investi-
gation is needed to determine whether these selected 
stream reaches listed previously or others meet the 
minimum federal standards. But whether or not these 
stream reaches measure up to the federal standards, 
several need to be preserved in their existing free 
flow condition. A system of state scenic and recrea-
tion rivers requiring a minimum of land aquisition 
and using flood plain zoning or easements to preserve 
the existing riparian lands may be needed to control 
development on selected river reaches. 32 
G. Groundwater 
Rationale/Uses 
The uses of water obtained from underground origins are almost 
identical to those uses for surface waters, so a separate listing 
is unnecessary here. However, special attention is required because 
of the rapid increase in groundwater consumption for irrigation and 
because the movement and inventory of groundwater is more difficult 
than that of surface water. 
The recent acceleration in groundwater pumping for irrigation 
in Nebraska has created numerous conflicts among citizens about the 
allocation of this resource. As the economic and social costs in-
crease with the decline of water table levels, more problems ab~t 
the equitable and wise use of this vital resource are expected. Fur-
thermore, because groundwater is a resource that continually moves, 
its utilization and regulation is difficult by areal means. The ex-
haustive pumping of groundwater below the land surface owned by one 
farmer affects the groundwater supply in neighboring areas. Not 
only does this movement affect the supply for irrigation inputs, but 
it creates health hazards for domestic uses. For example, excessive 
concentrations of nitrate and sulfate in drinking water are already 
dangerous for the rural and urban residents in Hall County. These 
zones with increasingly high nitrate and sulfate lI are predicted to 
migrate and disperse, because groundwater moves in response to both 
the gentle natural hydraulic gradient and to the steeper hydraulic 
gradients in the immediate vicinity of wells that are being pumped. 
Thus, a problem that now exists in one locality will cause a problem 
in another locality at some future time." 34 
Cri ti ca 1 i ty 
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Evaluating groundwater according to geographic site is extremely 
difficult because it is an ubiquitous and very mobile phenomenon. 
It is difficult, in the assessment of ground water re-
source, to do more than define areas that are "potentially 
critical." The definition of potentially critical ground 
water areas focuses on potential problem areas based on 
considerations, such as resource supply (the potential 
for degradation or dewatering), and resource hazard (the 
potential or presence of danger to health and property). 
On a more detailed level of assessment, no ranked rating 
of "criticalityll is attempted. It seems more logical to 
outline a set of management considerations for a site 
analysis than to attempt to numerically rank the quality 
of the ground water reservoir at a particular site. 
There are several reasons why this is more appropriate. 
First, it is debatable whether a ranking of ground water 
can be meaningful. So long as the resource is sufficient 
in every important parameter, the function of rating the 
relative quality of the resource on a site-to-site basis 
is questionable. For this reason, evaluating the suit-
ability of putting a ground water source to a certain 
use is more useful than ranking all water bodies along 
the dimension of quality. 
Secondly, the key to maintenance of ground water excel-
lence is proper use of the resource. A plentiful and 
available source of ground water is not necessarily a 
lisa fell one. It can be contami na ted or degraded through 
poor management. Similarly, a highly sensitive resource 
with a very poor yield can be made to support limited 
use with no degradation if precautions are taken. For 
this reason, proper management is a more important con-
sideration than ranking the resource. Thirdly, the in-
formation necessary to quatitatively rank ground water 
criticality for the entire state is not presently avail-
able and would be imP3gctical to obtain in terms of time, 
expense and manpower. 
Thus, the emphasis here is not on criteria for defining small 
critical environmental areas on the surface of the land but on 
assessing land uses that consume or alter groundwater. This requires 
careful integration with land use plans and with the defined CEA 
based on other phenomena. 
Data Sources 
Groundwater in Nebraska has been mapped and classified accord-
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ing to its quantitative variations (see "F. Lakes and Streams"). 
Also, data are collected continually so changes in these differen-
tiating characteristics are available. In contrast with these 
rather thorough data about the existing groundwater resource 
comprehensive data about existing and anticipated future consump-
tion by use and location are meager. The task of integrating 
groundwater management with the identification of critical environ-
mental areas in Nebraska is an urgent task that will require com-
mencing with limited data on groundwater utilization. 
H. Historic Sites 
Rationale/Uses 
Certain places possess value because beneficial natural phe-
nomea (e.g., geologic features, wildlife, groundwater) exist there. 
In addition, places may be important because outstanding human events 
and/or features are associated with these locations. Consequently, 
both historical sites and archeological sites (see next subsection) 
are discussed here as separate elements for defining CEA. 
1. Educational and scientific value. 
The recognition and preservation of the record of the human ex-
perience is one of the most valuable elements in our society. The 
saga of man's interaction with man and man's interaction with the 
environment is a heritage which, either positively or negatively, 
must always be recognized. This record serves as a background against 
which present and future activities can be measured and evaluated. It 
lends perspective to the nature of human activity and its changes 
through time. It expresses, for better or for worse, the values that 
humans have used to govern their activities. As stated in the "Pre-
servation Philosophy" of the Nebraska State Historical Society: 
Although the preservation of significant historic buildings 
and districts has obvious educational value, it is believed 
that preservation activity is important primarily because 
it can and does playa significant role in enhancing the 
quality of life in Nebraska, in part through helping to 
protect the variety and beauty of our environment. In 
addition, individual preservation projects, which are the 
touchstones with our past, can dramatically draw us into a 
fuller understanding and appreciation of our heritage and 
thereby help us (as individuals and as a state and nation) 
to intelligently analyze the present and take positive, 
confident steps in planning our future. Exposure to his-
toric landmarks can raise the human spirit and encourage 
citizens to reflect on the direction their lives have been 
and should be taking. 36 
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2. Recreation and tourism. 
Historical sites are visited by persons traveling through 
Nebraska while on vacation and by local citizens interested in past 
events for their educational values, but little distinction exists 
between these two groups. One reason for a second heading here re-
sults from the separate data maintained on tourists to the State. 
These data about tourists from outside Nebraska imply an economic 
factor as well as the educational/cultural benefits. 
Criticality 
1. Educational and scientific value. 
Historic sites have been rated by various historical organiza-
tions for many years, so sets of criteria have been described in 
detail. One set of guidelines, namely, that developed by the U.S. 
National Park Service, is the basis for differentiating among those 
of statewide importance by the Nebraska State Historical Society.37 
Criteria ascribed to historical sites and landmarks to 
warrant national slgnificance, u.S. National Park Ser-
vice. 
1. Structures or sites at which events occurred that have 
made a significant contribution to, and are identified 
prominently with, or which outstandingly represent the 
broad cultural, political, economic, military, or so-
cial history of the nation, and from which an under-
standing and appreciation of the larger patterns of 
our American heritage may be gained. 
2. Structures or sites associated importantly with the 
lives of persons nationally significant in the history 
of the United States. 
3. Structures or sites associated significantly with an 
important event that outstandingly represents some 
great idea or ideal of the American people. 
4. Structures that embody the distinguishing character-
istics of an architectural type specimen exceptionally 
valuable for a study of a period, style or method of 
construction; or a notable structure representing the 
work of a master builder, designer, or architect. 
5. Objects that figure prominently in nationally signifi-
cant events; or that were prominently associated with 
nationally significant persons; or that outstandingly 
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represent some great idea or ideal of the American people; 
or that embody distinguishing characteristics of a type 
specimen, exceptionally valuable for a study of a period, 
style, or method of construction; or that are notable as 
representations of the work of master workers or design-
ers. 
6. Archeological sites that produced information of major 
scientific importance by revealing new cultures, or by 
shedding light upon periods of occupation over large 
areas of the United States. Such sites are those which 
have produced, or which may reasonably be expected to 
produce, data affecting theories, concepts and ideas to 
a major degree. 
7. When preserved or restored as integral parts of the environ-
ment, historic buildings not sufficiently significant in-
dividually by reason of historical association or archi-
tectural merit or warrant recognition may collectively com-
pose a "historic district" that is of historical signifi-
cance to the nation in commemmorating or illustrating a 
way of life in its developing culture. 
8. To possess national significance, a historic or prehistoric 
structure, district, site, or object must possess integrity. 
For a historic site, integrity requires original location 
and tangible elements of feeling and association. For a 
historical structure, integrity is a composite quality de-
rived from original workmanship, original location and tan-
gible elements of feeling and association. For a historic 
object, integrity requires basic original workmanship. 
9. Structures or sites which are primarily of significance in 
the field or religion or to religious bodies but are not of 
national importance in other fields of history of the United 
States ... will not be el igible for consideration. 
10. Birthplaces, graves, burials, and cemeteries, as a general 
rule, are not eligible for consideration and recognition 
except in cases of historical figures of transcendental 
importance . . . 
11. Structures, sites, and objects achieving historical impor-
tance within the past 50 years will not as a general rule 
be considered unless associated with persons or events of 
transcendent significance. 
Suitability criteria for preservation of historic sites and 
landmarks 
1. Each historical area should contain sufficient land 
to preserve all the significant historic or prehis-
toric features associated with this site and such 
additional land as may be needed to protect the his-
toric scene and provide unobtrusive sites for neces-
sary developments for management and public use. 
2. The site and its authetic historically related en-
vironment should lend itself to effective preserva-
tion and interpretation. 
2. Recreation and tourism. 
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Combined with the factors suggested above could be a prediction 
of potential visitors. A rough estimate can be obtained by incor-
porating population and distance variables in a gravity model, es-
pecially if the distance factor is measured in terms of time and 
cost distance. In his report on historical sites with tourist 
potential, Merrill Mattes considered "statewide or broad regional 
significance, plus site integrity, plus feasibility factors such 
as reasonable access to substantial populations and costs within 
reasonable range." 38 Also, conflicts with incompatible uses may 
be included in a criticality rating. For example, the national 
study on potential trails judged segments of historic routes on 
"scenic quality, the presence of visible ruts or' other historic 
remnants, the presence of signific~~t historic sites, and freedom 
from intrusions" (emphasis added). Consideration of other en-
dangering uses is especially critical where landuse changes occur 
rapidly, e.g., many historical resour~Cs have been oblitered al-
ready in the Omaha metropolitan area. 
Data Sources 
Information about potential CEA based on historical identifi-
cation can be obtained from (1) the U.S.D.I., National Park Service, 
National Historic Landmarks, and (2) the U.S.D.I., Office of Archeo-
logy and Historic Preservation, The National Register of Historic 
Places. 
The Nebraska State Historical Society in 1971 recognized over 
700 historic sites and organized them into the following general 
groups: 
Aboriginal (Prehistoric; Historic) 
Architecture 
Agriculture 
Art 
Commerce 
Conservation 
Eduction 
Historic 
Industry 
Landmark 
Literature 
Mi 1 i tary 
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Music 
Political 
Reiigion 
Science 
Social 
Theater 
Trans porta ti on 
Western Settlement 
This compilation is continually being up-dated through the efforts 
of the Nebraska State Historical Society, and the present status 
and enumeration of any particular site can be obtained through the 
Society. The Society also maintains contact with the numerous his-
torical societies in the State; these societies, often one per 
county, may maintain maps and/or descriptions of historic sites (see, 
e.g., Adams Co. in the Bibliograph). It should be noted that his-
toric preservation most often relies upon the awareness of the citi-
zenry. The activities of the various local and county historical 
associations, made up of dedicated volunteers, have been responsi-
ble for the preservation and furtherance of Nebraska IS heritage to 
a degree unequaled at other levels of citizen participation. 
The "Report of a Historic Resources Management Plan" (prepared 
by Merrill J. Mattes in 1975) identified and proposed ten new his-
toric units for preservation and development for recreation and 
tourist purposes. Even though these are recommended for only one 
kind of use, they do constitute a suitable foundation for designating 
a list of potential CEA. 
I. Archeological Sites 
Rationale/Uses 
1. Educational and scientific value. 
In most respects, the rationale for identifying and preserving 
important archeological sites is identical to that for historic sites. 
Nevertheless, archeological sites are more frequently associated with 
the culture of Native Americans than with the phenomena occurring with-
in the last two hundred years. Knowledge about the original residents 
of this land is important for the heritage of Nebraskans whose ances-
try extends into early times and for all citizens to understand past 
human systems that maintained a relationship with the environment 
differing from our present one. Places of value are those possessing 
physical evidence of previous human activities as well as those places 
associated with important events and/or sanctified by belief systems. 
2. Recreation and tourism. 
See "H. Historical Sites". 
Criticality 
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1. Educational and scientific value. 
In general, the educational and scientific worth may be evalu-
ated in the same manner as historic sites. However, assessment may 
be complicated by two additional conditions: physical obscurity and 
intangible values. The physical obscurity of potential sites means 
that the importance may not be verified until exploratory excavation 
occurs. Consequently, ratings may need to provide for restrictions 
on those types of land use that might disturb and destroy valuable 
but currently unearthed sites while not restricting other kinds of 
surficial land uses. 
Intangible values accruing to a sacred place presents a second 
type of difficulty in measuring criticality. For these values the 
community of persons for whom places possess sanctity must be con-
sulted (see Chapter IV) to insure accurate rating of potential CEA. 
Direct contact with Native American communities is necessary, par-
ticularly when no written records identify specific sacred places. 
2. Recreation and tourism. 
The criticality factors for tourism and recreation may be Slml-
lar to those used to identify areas with educational and scientific 
value; however they may be weighed differently. This difference in 
emphasis is illustrated in the report by Mattes: 
Now the fact of the matter is that many archeological 
sites are important in the sense of high evaluation by 
scholars, but most all of them break down on the score 
of integrity and feasibility ... 
The Leary site has been intensively cultivated. While 
accessible and having significant association with 
Lewis and Clark in 1804 when they entered Nebraska and 
explored the Big Nemaha, this site is distant from 
Nebraska population centers, and land acquistion and 
development costs would probably outweigh benefits. 
While a case could be made for linking the Leary site 
with an extensive recreational park activity in the ad-
jacent wooded bluffs, the same self-defeating cost-
benefit ratio seems to apply .. 
. . . While establishment of archeological parks for 
public use may be questioned, there is nothing wrong 
with the idea of establishing archeological reserves 
for purely scientific purposes. But such reserves do 
not seem to fall within the scope of our Resource Man-
agement Plan; or, if they do, it would be up to the 
professional archeologists to identify the sites in 
question, and in what priority.41 
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Da ta Sources 
In addition to those cited in the section on Historic Sites, 
another general source for data is the Archeological Investigations 
and Salvage branch of the National Park Service. 
Numerous archeological sites are identified in Nebraska, e.g., 
approximately 500 have been located just in the area of the Platte 
River. 42 However, little prioritization of these sites according 
to general criticality criteria has been accomplished. The Nebraska 
Travel Industry Development Plan included the Tonwantonga village 
site near Dakota City, the Logan Creek site near Oakland, the Santee 
Indian Reservation, Blackbird Hill south of Macy, a Pawnee village 
site near Genoa, the Nehawka Flint Quarries, the Leary site, and 
Ash Hollow Cave. Mattes reviewed the Nehawka Flint Quarries, the 
Leary site in Richardson County, Signal Butte in Scotts Bluff 
County, the Red Smoke site in Frontier County, the Logan Creek site 
in Burt County, Tonwantonga in Dakota County, the Coufal site in 
Howard County, the Walker Gilmore site in Cass County, the Pike-
Pawnee Village in Webster County, the Palmer site in Howard County, 
the Clarks village in Hamilton County, the Linwood village in But-
ler County, Ponca Fort in Knox County, and the Yutan site in Saunders 
County. But, as stated above, these were selected for mention pri-
marily because of potential development for tourism and not on the 
broader criteria necessary for identifying CEA. 
F!~e sacred places of the Pawnees were listed and located by 
Wedel, but this reference should be considered only a beginning in 
identifying and rating the sacred places on only one community of Na-
tive Americans in Nebraska. Additional data collection and evaluation 
will be necessary for an informed decision about critical environment-
al areas based on the sanctity of "archeological sites." 
J. Scenic Areas 
Rationale/Uses 
1. Recreation and tourism. 
Beauty is a quality experienced by humans as they observe a 
variety of widely dispersed natural and man-made features. In es-
sence, scenic places can be, and are, preserved by everyone in his/ 
her own micro-environment. In addition, certain larger places 
possess a quality that is regarded by many persons as truly out-
standing because of esthetic characteristics. These are the places 
to which people travel to enjoy these special experiences and which 
should be reserved for the benefit of subsequent generations. It 
is this broad sense of recreation, and not just the economic bene-
fits derived from tourism, that justifies the special preservation 
87 
of beautiful areas in Nebraska. Obviously everyone hopes to retain 
as much environmental beauty as possible. 
In the case of certain irreplaceable recreation resources, 
such as historic, cultural, and archeologic sites, and 
scenic and recreational rivers which are in limited supply 
and cannot be created, it was assumed that these should be 
preserved to the greatest extent possible, wherever they 
occur.44 
But where incompatible uses may destroy exceptionally scenic and in-
spirational places, then a procedure is necessary by which certain 
areas can be identified and designated as critical to the well-being 
of the citizenry. 
Criticality 
1. Recreation and tourism. 
The aSsessment of scenic sites might be grouped under two ap-
proaches. One approach correlates the attractiveness of the site 
as measured by actual user participation with characteristics of the 
site that are regarded as explanatory variables. A statistically 
significant correlation may be interpreted as revealing effective 
indices. However, this approach depends on data acquired by prior 
visits to a site; thus it pertains to a place that already attracts 
visitors but is not officially designated as an area for critical 
attention and preservation. 
The other approach attempts to measure the esthetic qualities 
of a site. They are based on the premise that scenic beauty is an 
interactive concept: it is neither only "in the eye of the beholder" 
nor is it solely a property of the landscape. Therefore, they are 
based on observer responses to perce~6ions of a landscape. Much 
literature exists on rating "vi ews II , but one rating technique that 
incorporates sound psychological and quantitative measurements em- 47 
ploys Scenic Beauty Estimators (SBE) developed by Daniel and Boster. 
The SBE are relative scale values that measure an observer's percep-
tion of scenic beauty in terms of his/her own judgmental standards. 
Therefore, anyone concerned with evaluating scenic areas in Nebraska 
is strongly advised to examine the merits of this measurement method 
(which is explained clearly by Daniel and Boster in the referenced 
pUblication). 
Data Sources 
Although methods for rating environmental scenes have been de-
veloped, utilization of such methods seems to be missing for Nebraska 
areas. One study of environmental features in the State did include 
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a category called "Scenic Areas ll based on accessibility to existing 
public roads and identified "through personal communication with in-
dividuals who are familiar with the resources of the counties" and 
"from aerial photographs, by topographic maps or in conjunction with 
the cQllection of other types of inventory data.,,48 However, the 
techni~ues were crude and the aerial extent was limited to eastern 
Nebraska, so sparsity of data remains. 
It is true that several areas have been differentiated on the 
basis of multiple phenomena and several potential uses, e.g., an 
area may contain important fossils and possess historic associations 
as well as exist in a scenic setting. In this respect some of the 
recreational areas identified under subtopics above can be used as 
potential areas for evaluation. 
Summary 
Ten environmental phenomena that might be included in defining 
critical environmental areas in Nebraska are: Geologic Features, 
Vegetation, Wildlife, Soils, Wetlands, Lakes and Streams, Groundwater, 
Historic Sites, Archeological Sites, and Scenic Areas. Each was dis-
cussed in terms of a rationale (or, actual and potential use) for its 
inclusion, some attributes that could be incorporated into a scheme 
for rating criticality, and some data sources that provide "nominees" 
or areas that should be seriously considered as possible CEA. On the 
basis of these and similarly selected areas, a procedure for desig-
nating specific critical environmental areas can be implemented. The 
procedure recommended in this report for delimiting such areas is ex-
plained in the next chapter. 
CHAPTER IV: DELINEATING AREAS 
The Process of Identifying CEA 
Introduction 
This report has analyzed the issue of criticality and reviewed 
the components of environmental data in previous chapters. This 
chapter examines the process by which these elements are combined 
to delineate specific earth areas. An outline of the total process 
for establishing a statewide program of CEA provides a framework 
for positioning the less extensive process discussed here (Table 
IV-I, a streamlined version prepared for the CEA Reference Guide1). 
This chapter does not deal with the political-and administrative 
aspects of Step I and Step IV, but rather, concentrates on parts 
of Steps II and III. 
TABLE IV-I: A FOUR-STEP PROCESS FOR ESTABLISHING A ·STATEWIDE PRO-
GRAM OF CRITICAL ENVIRONMENTAL AREAS 
Step I. Formulation and adoption of enabling legislation author-
izing a Critical Environmental Areas program. 
A. Research on the need for legislative action. 
B. Collaborative work by agencies, university groups, inter-
est groups, and legislative committees to develop pro-
posed legislation. 
1. Subject matter scope, i.e., a limited or comprehen-
sive definition of CEA. 
2. Amount of geographic area to be included. 
3. Specificity of the definition of CEA. 
4. Factors to be considered in defining criticality. 
5. Nature of the supervisory body. 
6. Administrative responsibility for a more specific 
definition, mapping, and management policy of areas. 
7. Desirability of subsequent legislation or executive 
review. 
8. Implementation authority. 
9. Funding services. 
C. Adoption by legislation. 
Step II. Adoption of specific definitional guidelines by a state 
agency. 
A. Drafting of specific definitional criteria by a respon-
sible body with involvement of interest groups, acade-
mics, etc. 
1. Identification of precise definitional criteria. 
2. Determination of degree of quantification. 
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Table IV-l (continued) 
3. Decision whether to adopt interim criteria or not. 
4. Decision whether to take "blanket" approach or not. 
5. Consideration of special definitional needs. 
6. Definitional criteria to distinguish between "sensi-
tive" and "critical" areas. 
B. Adoption of precise definitional criteria. 
Step III. Delineation and mapping 
A. Assessment of factors relevant to an inventory and mapping 
s tra tegy. 
B. Formulation of inventory and mapping strategy. 
1. Scope. 
2. Geographic coverage. 
3. Scale. 
4. Base map. 
5. Geographic reference system. 
6. Data processing techniques. 
7. Output and display techniques. 
C. Test through a pilot study. 
D. Assessment of the adequacy of existing data sources. 
E. Assessment of new data sources. 
F. Development of a strategy to gather necessary data. 
G. Data gathering, compilation, analysis, and output program. 
Step IV. Utilization of the data in the implementation program. 
A. Delivery of data to decision-makers. 
B. Establishment of CEA management policies. 
C. Further refinement of the data (where appropriate). 
D. Feedback from the implementation process to the data bank. 
The most basic question (introduced already in Chapter II) that 
affects the way CEA are identified is the one focusing on who makes 
the decisions. One approach (which is termed the "citizen"approach 
here) depends upon the diverse perspectives generated from numerous 
agencies, organizations, groups, and individuals in the State. An-
other approach (here called the "expert" approach) applies the ex-
pertise of a few specialists. The kind of process adopted for de-
fining and delineating CEA is largely a function of the relative 
degree of involvement by "citizens" and "experts". 
"Expert JI Approach 
One approach to defining CEA relies on decisions made by per-
sonnel in agencies responsible for the phenomena under consideration. 
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For example, if CEA were to be designated primarily because of 
stream characteristics, persons from governmental agencies concern-
ed with streams would decide which areas should be declared CEA. 
Problems may occur in deciding which governmental and quasi-
governmental organizations are concerned with and possess exper-
tise about streams. It may be difficult to determine when an 
assemblage of experts representing all viewpoints and expert per-
spectives has been achieved. 
In addition to the problem of selecting representative ex-
perts, at least two other major disadvantages exist in the "ex-
pertll approach. One is the difficulty of gaining public support 
for a program of CEA that is decreed without citizen involvement. 
As a minimum effort, public hearings with adequate 
public notice are often required by state law to be 
held prior to the adoption of any rultes, regulations, 
or guidelines promulgated to manage or designate cri-
tical environmental areas. Early and continuing citi-
zen involvement in planning programs has resulted in 
greater understanding of problems and a sense on the 
members of the public that they are participating in 
the decisions on issues which affect their lives. 
The toll of plans not implemented due to lack of 
public understanding and support is indeed heavy.2 
Certainly a successful Statewide program must take into account 
the rather strong feel sing against IIGovernmental interference ll in 
Nebraska. 
A second handicap encountered by those who attempt to define 
all-encompassing CEA by utilizing only the data from lIexpertsll is 
the common deficiency in statewide data banks. The lack of ade-
quate data in Nebraska (noted in the previous chapter) is not 
unique. The situation is expressed well by the Virginia study of 
CEA. 
The actual process by which Critical Environmental 
Areas are delineated can take two basic approaches. 
The first, a blanket inventory method, involves mak-
ing an inventory of the entire State in terms of a 
detailed set of environmental features or criteria 
and then screening the State for places that meet 
those criteria established for critical area desig-
nation. The other, a sample area method, involves 
a careful investigation of selected areas after they 
have been nominated for critical environmental area 
designation based upon more general criteria. The 
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former method is the more comprehensive but presents 
an extremely difficult task. The physiographic, eco-
nomic, and social information necessary to conduct a 
blanket inventory survey is not readily available to 
analyze the entire State within the time allotted for 
this study.3 
Thus, without a very complete data bank that provides a blanket 
inventory of all pertinent characteristics of all areas of the 
State, the experts will lack adequate information on which to make 
a rational decision. They must depend on the input of other per-
sons throughout the State to provide some of the uninventoried 
data. This dependency is illustrated by the procedure by which 
sites may be nominated by citizens for historical preservation. 
"Citizen" Approach 
Considering these major disadvantages to the "expert ll approach, 
it would seem that a "citizen ll approach should be investigated. How-
ever, exclusive dependence upon this approach also entails overcoming 
some primary handicaps. One is the frequent need for techical infor-
mation about the quantity, quality, and utility of the resource phe-
nomena. Accurate information about the location and characteristics 
of some phenomena often requires professional training, which may not 
be present in a group of lay persons. A greater disadvantage may be 
reliance on partial knowledge possessed by citizens, which may pro-
duce false confidence in subjective data. This is usually expressed 
in a geographic bias where facts about phenomena located near the re-
sidence of each citizen are over-emphasized to the detriment of those 
located farther away. For example, an attempt by "citizens" to rank 
the importance of historic sites will probably reflect their geocentric 
perception of the world. 
Combined with the tendency toward subjective data is the diffi-
culty of collecting representative information from the total popula-
tion. The cost in time and money of holding public meetings through-
out the State in hopes of obtaining many geographic perspectives may 
be a deterrent to representativeness. Even if a wide distribution of 
public meetings is held, the mere scheduling of meetings does not in-
sure attendance by persons with varying backgrounds and interests. 
Often public meetings are attended by individuals with particular 
socio-economic characteristics and outlooks that express only one 
portion of the wide spectrum of viewpoints. This was evidenced by a 
series of one-day seminars held in Kearney, North Platte, Seward, 
Scottsbluff, Ainsworth, Wayne, and Bellevue during the spring of 1975 
on the topic of land use planning. Although public media announce-
ments were made and invitations were sent to numerous local and re-
gional organizations, attendance tended to be unrepresentative of the 
total population. Additional bias resulted when participants selected 
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one of four topics (i .e., IIPreserving our Natural Heritage, II liThe 
Impact of Major Facilities on Other Uses of Land,1I IIPreserving Ag-
ricultural Lands," and "Maintaining Environmental Qualityll) for in-
depth discussions. Normally persons interested in preserving wet-
lands, wilderness areas, and historic areas met in one group to 
discuss what lands should be used to preserve our natural heritage 
while perticipants with primary interest in using land for agri-
culture met in another discussion group. This meant that most 
potentially conflicting viewpoints about priority uses of the land 
were isolated from each other. Like ranking the quality of climate 
in a county without any forced comparisons with other climates (see 
Chapter II), the discussions about what should be preserved seldom 
involved the .necessity of comparing conflicting land uses and as-
signing priorities. It should be noted that the purpose of the 
seminars was not actually the selection of priorities or critical 
areas -- rather, it was primarily educational, to provide informa-
tion about and discussion on land use planning -- but it illustrates 
the need for an alternative format if land use decisions are to be 
made through public meetings. 4 
Furthermore, even though several well-located meetings might 
be attended by participants with diverse viewpoints, this still does 
not guarantee representative output on controversial topics. The 
possibility of group decisions being affected by the dominance of a 
few individuals is great enough that the group dynamics should be 
structured. This topic is discussed more in the next section. 
Conclusion 
It seems logical that a procedure which will compensate for the 
major disadvantages associated with both the "expert" and "citizen ll 
approaches might be one that combines the two. In this way both 
types of input can be utilized in defining, assessing, and deline-
ating critical environmental areas. The task of assigning priori-
ties to areas, therefore, must be accomplished through a procedure 
that combines the knowledge and perspectives of a diverse group of 
persons. 
The CRIP Process 
Introduction 
A procedure for delineating critical environmental areas should 
involve a type of structured group interaction. Such a procedure 
has been used successfully by CRIP (Critical Resource Information 
Program for Wisconsin), so the following sections critically review 
that program. 
The procedure for defining critical environmental areas in Wis-
consin involves five primary steps: General Analysis, Detailed 
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Analysis, Determination of Statewide Criticality, Designation of 
State Critical Areas, and Implementation. Some aspects of these 
steps have been mentioned in other sections of this report, but the 
entire process is considered sequentially here. 
General Analysis 
The first step, the General Analysis, is certainly designed 
to find and inventory all the potential critical areas without de-
pending upon the huge bank of data required by the "blanket inven-
tory" method. Potential CEA are located by one of two assessment 
procedures: a subjective analysis and an objective analysis. The 
subjective phase solicits information from local, county, and re-
gional governments, groups, and residents through a series of 
county-level workshops. The objective assessment relies on data 
available over the entire area under investigation. The potential 
CEA indicated by both these procedures are later reviewed to select 
those areas most in need in criticality assessment at a detailed 
level. 
Subjective analysis. 
Further clarification of the subjective analysis of potential 
CEA is given by the CRIP Report Eight. 
The subjective element of the proposed program is fash-
ioned to a large extent on the experience of other states 
Basically, the concept is to involve persons with 
firsthand knowledge of an experience with local and re-
gional resource areas in a group interactive process. The 
product would be a number of potentially critical areas 
delineated on base maps of suitable scale for inclusion 
into the CRIP information system ... 
More specifically, workshops would be conducted in each 
county. The investigators have held discussions with the 
University of Wisconsin - Extension and are recommending 
that the Extension assume primary responsibility for the 
organization and operation of these workshop sessions. 
Participants would include members of regional and county 
planning commissions, resource experts with local or re-
giona knowledge and experience, and local interest groups. 
Specific recommendations for the actual structure and tech-
niques to be utilized in the interactive workshop sessions 
are to be designed and tested in the next phase by faculty 
members, experts in the field of group dynamics, and the 
Extension staff. The workshops should be highly structured, 
using modified nominal group or similar technique to assure 
greater objectivity. Another essential aspect of the 
general level subjectivity analysis will be the criti-
cal resource awareness program. The materials and 
techniques developed in the statewide CRIP awareness 
program would be intermeshed with specific working docu-
ments and visual representations of the county or region 
under investigation. 
Working materials would include USGS quadrangles 
(1:62,500), Department of Transportation (DOT) county 
road maps (1:10,560) and rectified photographs (1: 
72,000), RB-57 aerial photography (1:120,000), ERTS 
mosaics (1:250,000), and USGS State Maps (1:500,000). 
It is conceptualized that potentially critical areas 
be identified by consensus and located on the DOT 
photo-prints as base documents . . . Consensus would 
be determined by a group interactive process (modified-
delphi), which assures the involvement of each partici-
pant, reduces dominant personality influence, and pro-
vides explanatory discussion at each resource deline-
ation interaction. Techniques of this type have been 
used successfully in similar applications. Partici-
pants would be requested to eventually delineate po-
tentially critical areas within the county being in-
vestigated and to identify, delineating whenever pos-
sible, potentially critical areas within neighboring 
counties. As a part of the basic interaction techni-
ques, the criteria for ascertaining potential criti-
cality would be: 1) resource quality, 2) resource 
scarcity, and 3) degree of threat. 
Since the state is primarily concerned with resource 
areas of greater than local concern, those areas with-
in a county identified only by the participants at 
that county workshop would be given lower priority than 
potentially critical areas also identified by neighbor-
ing county workshops. This procedure would also address 
the resource areas which are multijurisdictional. 
Phrased another way, those areas identified by non-
local, as well as local, residents of a region would 
be givgn first consideration as potentially critical 
areas. 
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The procedure used by CRIP acquires group decisions by a method 
called Nominal Group Techniques (NGT). This technique produces 
group decisions in a structure format by generating individual i- 6 
deas, discussing each idea as a group, and evaluating these ideas. 
One of the developers of the Nominal Group Technique was Prof. 
Delbecq from the University of Wisconsin at Madison, so the CRIP 
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benefitted from his direct assistance. The way the NGT was used is 
explained more in a report published by one of the Wisconsin 
counties (Crawford Co.) that utilized this technique. 
The studies of Oelbecq and his colleagues suggest that 
more ideas can be generated and evaluated by using the 
NGT format than in any other group format. The partici-
pants should work in a group of five to ten members, with 
all the group members addressing the same problem. Each 
group member should be knowledgeable about the problem 
or question being addressed by the group. A leader pre-
sides over the group guiding the flow of group inter-
action, but not contributing to the information gener-
ated and evaluated. Finally, a round robin discussion 
format is utilized to maximize individual opportuni-
ties for discussion and minimize possible dominance of 
the group by one or more individuals. 
Through studies in other fields, Oelbecq and his col-
leagues have shown that information and viewpoints begin 
to be repeated in NGT sessions involving more than ten 
participants. Thus the CRIP staff requested the Exten-
sion agents and key resource personnel in each county to 
identify between five and ten participants for each 
workshop session, with each session covering a major 
resource of the county. In this manner, forty to eighty 
possible participants were identifi"ed in each county, 
resulting in thirty to sixty individuals i9 each county 
who participated in the workshop sessions. 
The selection of participants is an important ingredient. A 
random sample of residents of a county is unnecessary for the col-
lection of diverse viewpoints, and the resulting group would tend8 to be less productive because of disinterest and poor attendance. 
An extremely thorough list can be created by combining sublists 
based on (1) r9Putation, (2) position, (3) decision-makers, and (4) activists. The first sublist is generated by asking citizens 
of a community to compile a listing of names of those persons who 
are most influential or powerful in decision-making. The second 
sublist is composed of persons occupying official positions in the 
county. The third sublist, which is difficult for an outside ob-
server to determine, identifies those who actually make the impor-
tant decisions in the communities. The fourth sublist consists of 
leaders of issue-specific and special interest groups. The final 
list from which the county participants are selected, then, is the 
combination of the four sublists. Obviously in a county with 
limited population there may be considerable overlap in the names 
on the four sublists (or, three sublists, if the one of decision-
makers is too difficult to acquire). 
97 
The details of the group meetings are explained further in the 
report from Crawford County, Wisconsin. 
Prior to breaking down into the individual resource groups, 
a general orientation session was provided to all partici-
pants by the CRIP staff, outlining the overall intent of 
the CRIP program and the task confronting each workshop 
group that day. This orientation was followed by a ques-
tion and answer period, allowing the participants an op-
portunity to clear their minds of any confusing factors be-
fore they began the work within the resource groups. 
A trained group leader from the CRIP staff coordinated and 
recorded the information in each workshop group. After 
the orientation session had divided the working groups, 
each group leader outlined the procedure to be followed 
for the remainder of the day. Each participant was re-
quested to independently identify areas, with discussion 
about the reasons for selection of the areas being dis-
couraged or minimized. To generate the list of resource 
areas, each participant was requested to list on a sheet 
of paper, working alone, the ten most critical resource 
areas in the county in the resource category under con-
sideration by that workshop group. The list was limited 
to ten areas simply as a means of narrowing down the focus, 
of enabling the participants to cope with the numerous re-
source areas of the county. 
After each participant had completed his or her individual 
list of ten areas, each individual was asked to contribute 
one area from his or her list, in a round robin format, 
continuing around the table until each individual's 1 ist 
was exhausted. The purpose of this procedure was to give 
all members of the group the opportunity to consider each 
area selected by every other member of the group, and to 
avoid the majority of the areas being contributed by just 
one or two members of the group. The workshops have been 
quite successful in this regard. After the group com-
pleted the first listing of areas (usually 30 to 60 areas 
after eliminating duplications), the group was asked to 
consider a second listing of ten "next most critical II 
areas, which could then be compiled following the first 
list. In most workshops the participants felt that their 
first listing quite comprehensively covered the critical 
resource areas in the county. In those sess ions where a 
second listing was made, the participants tended to gener-
ate fewer than five areas each. 
The generation of ideas was followed by a weighting pro-
cess, intended to provide further rationale from members 
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who supported one or more particular resource areas over 
others. This weighting procedure followed a "judgment-
talk-judgment" format. Each member was asked to weight 
each of the areas on the composite list with a relative 
weight between 0 and 100, with 100 representing the high-
est quality and with the stipulation that at least one 
area should receive a weight of 100. The first weighting 
was performed on a sheet of paper for each individual, 
with each member weighting independently. These indi-
vidual weightings for each area were collected and aver-
aged for the group. If an individual was unfamiliar 
with an area he or she would not give it a weight. Each 
average weight was an average of the individuals who were 
familiar with an area. Discussion was then permitted on 
those areas where there were significant variances be-
tween an individual's score and the group average. " This 
discussion was also conducted in a round robin format. 
After the discussion was completed, a second and final 
weighting was made, following the same procedure used in 
the first weighting. Finally, each area was delineated 
geographically on a map. 
Much unnecessary discussion time was avoided, as areas 
where there was consensus were not discussed. Instead, 
individuals were able to concentrate on differences of 
opinion and to discuss the different rationale in depth. 
Differences of opinion did not disrupt the workshops, 
and each individual was able to register his or her final 
viewpoint on the final weighting sheet. lO 
Not only did the workshops produce a set of potential CEA for 
subsequent detailed analysis, but they provided a basis for addition-
al citizen input. The authors of the Crawford County report described 
the results as follows: 
Citizens have participated in the identification of po-
tentially critical areas in Crawford County. The ideas 
and enthusiasm generated by the workshop participants can 
be a base upon which to build a meaningful dialogue about 
the resources of Crawford County. 
What the CRIP effort has accomplished is a first step. 
The information gathered has been put on maps and dissemi-
nated through the maps and these booklets to many resi-
dents of the county. This information can and should be 
shared with friends and neighbors. Information about the 
extent and quality of the resource base of a community, 
a county or a state is only one consideration in deciding 
the wisest use of these resources. Perhaps even more im-
portant is the way people feel about these resources, their 
attitudes toward them. 
The goals and policies of a community or a county are 
often determined by these attitudes. These attitudes 
are best determined through free and open discussion 
among members of the community. The information in this 
booklet can serve as the starting point for further dis-
cussion, a point of focus, something to talk about, 
something to criticize and replace with something better. I1 
Objective analysis. 
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The other assessment procedure, the objective analysis, con-
stitutes th~ other initial approach to defining CEA in Step 1. 
This approach is essentially a discriminatory process 
that separates potentially critical resource areas from 
those which are noncritical. The task of delineating 
those potentially critical areas would be the shared re-
sponsibility of various state agencies; state resource 
experts, such as the State Geologist; and other resource 
analysts, for example, federal agency personnel or uni-
versity employees ... 
The data used by these resource analysts would be of a 
general nature, including aerial photography; map based 
mata, such as maps of surface soil associations for the 
state and maps of the major ground water reservoirs or 
aquifers in the state; and imagery from the Earth Re-
sources Technology Satellite (ERTS). In a few instances 
some site-specific data of a detailed nature would be 
available, but generally they would be very limited in 
scope and geographic extent. Using these data, the de-
signated resource analyst would geographically deline-
ate potentially critical regions containing one or more 
significant resource. The geographical limits of poten-
tially critical regions are usually determined by bound--
aries of significant resources whose extent is not known 
with a great degree of precision, such as a major ground 
water reservoir. The resource analyst would also iden-
tify and delineate potentially critical areas, consist-
ing of one or more significant resources with more de-
finite boundaries, such as forests, wetlands, lakes or 
streams . . . 
In this general level objective analysis, the resource 
expert would concentrate his efforts on counties being 
simultaneously analyzed subjectively~ The investigators 
do not expect complete correspondence between potential-
ly critical areas identified subjectively and those i-
dentified objectively. It is also the belief of the in-
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vestigators that few, if any, potentially critical areas 
would remain unidentified at the conclusion of both pro-
cesses, and that both are necessary to assure comprehen-
siveness. 12 
Continuing analysis. 
A third aspect of the General Analysis occurring in a differ-
ent time framework that the subjective and objective analyses is 
that called the "continuing analysis." 
The investigators have conceptualized the process of 
continuing analysis as the means of identifying poten-
tially critical areas within counties previously ana-
lyzed by the subjective and objective procedures. Con-
tinuing analysis is also the means of identifying po-
tentially critical areas within any of the counties 
after the subjective and objective analyses of all 72 
counties have been completed. 
The need for this process is manyfold: 
1. The physical characteristics of an area may change 
over time. 
2. The extent to which an area is threatened by man 
can change both dramatically and rapidly. 
3. Public and resource expert perception of what con-
stitutes a critical resource may change. 
4. A potentially critical area may have been overlooked 
in the initial analysis. 
The participants in the continuing analysis would be re-
source experts and personnel from state agencies, re-
gional planning commissions and county planning commis-
sions. Such potentially critical areas identified and 
delineated by continuing analysis would be submitted for 13 review and classification as potentially critical areas. 
Potential CEA, which may be nominated by the subjective analysis, 
objective analysis, or continuing analysis, are submitted to the re-
view agency that administers the program. It is the responsibility 
of this agency to select and designate areas for consideration at 
the next step, the Detailed Analysis. Limitations of time, money, 
and personnel will probably dictate that only a portion of the po-
tential CEA submitted to the agency will be selected for further 
analysis. Those areas not selected for consideration at the next 
step would remain as potentially critical areas for future review 
and possible detailed analysis. 
Detailed Analysis 
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The Detailed Analysis, Step 2, continues the process for those 
potential CEA selected by the review agency. Each area is evalu-
ated for each resource and use by a resource analyst who applies 
the appropriate Critical Assessment Matrix (which was described in 
Chapter II, page 42). This on-site assessment will result in a 
criticality score for each area for each possible use. These 
criticality scores for potential CEA are the data to which the 
next two steps relate. 
Determination of Statewide Criticality 
The step involving the Determination of Statewide Criticality 
(Step 3) need not follow sequentially the second step, but it must 
precede the fourth step because of its role in interpreting the 
criticality scores obtained for potential CEA. Although the utility 
of a standard for interpreting an individual criticality scores was 
discussed in Chapter II, its importance in the process developed by 
CRIP should be repeated here. 
A state criticality continuum for each resource use is 
needed as a yardstick to measure the relative criticality 
of each of the areas subjected to the detailed level anal-
ysis. Each resource use criticality continuum should re-
present the range and distribution of criticality scores 
resulting from the application of the detailed level anal-
ysis procedure to that resource wherever it exists in Wis-
consin. This monumental task, if attempted for every re-
source use, would require a lengthy period of time, as well 
as enormous investments of money and human effort, if the 
acquisition of topographic information is any indication. 
The contemplation of such work must continue, but the 
completion of such a task for CRIP is impossible. 
However, the detailed assessment and evaluation of a large 
number of sample areas throughout the state, distributed 
in a statistically reliable manner to eliminate all sam-
pling biases, can produce a continuum which agrees in all 
geographically important respects with the statewide con-
tinuum (for further explanation, see CRIP Report Three). 
For a sufficient number of sample areas, the same are con-
tinuum can be truly representative of the statewide con-
tinuum, and can be substituted for the statewide continuum 
as the yardstick for measuring relative criticality. 
This sample area continuum, composed of a known fraction 
of the area of the state and representative of the state 
as a whole, can then be used to project and predict the 
total area of the state having a criticality score for a 
given resource use above any given value. This will enable 
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the establishment of a criticality threshold for each use, 
with all scores above this threshold implying criticality 
and those below noncriticality. The investigators realize 
that the ~ priori existence of any criticality threshold 
is unlikely, and when absolutely established, it must be 
based upon empirical information. Each distribution or 
continuum of scores can be roughly divided into three 
portions: 1) the lower range of scores, representing non-
critical areas; 2) the upper range of scores, represent-
ing areas which are very critical; and 3) the central 
range of scores, a "gray area" containing scores of both 
critical and noncritical areas. 
The investigators envision the establishment of a criti-
cality threshold to result from the following considera-
tions: 
1. A scor.e within the "gray area" is chosen as the criti-
cality threshold. 
2. By using the sample area criticality continuum to re-
present the state as a whole, a projection can be made for 
a given resource use, estimating the fraction of the state 
which would be designated critical with the given thresh-
old. 
3. A similar process is followed with each use of every 
significant resource. 
4. These projections can be combined, allowing for over-
lap of significant resources, to estimate the total frac-
tion of the state designated critical. 
5. Shifting each criticality threshold will enlarge or 
reduce the area within the state designated critical. 
6. Input from local, county and state governing bodies, 
advisory committees and agencies can affect the deter-
mination of criticality thresholds. 
7. Financial and human availability constraints can cause 
an increase in the value chosen as a criticality thresh-
old, resulting in a reduction of the number of critical 
areas. 
8. The most important consideration, however, will be the 
attitde of the public toward the protection of critical 
resource areas. 14 
Designation of State Critical Areas 
The Designation of State Critical Areas, Step 4, builds upon 
data produced by Steps 2 and 3 because comparisons between criti-
cality scores and corresponding criticality thresholds are neces-
sary. The mechanics of comparing criticality values is simple. 
Each area is given a criticality score in Step 2 (the Detailed 
Analysis), and a statewide criticality threshold is established in 
103 
Step 3. Thus, if the criticality score for an area exceeds the 
threshold value, then that defines a critical environmental area. 
This step completes the procedure for recommending that certain 
areas be designated CEA. 
The last step, i.e., Statewide Implementation, begins to move 
into the political realm because it involves governmental action. 
A review by counties, adoption by the state legislature, and the 
establishment of management guidelines are all part of the State-
wide Implementation process; they are beyond the scope of this 
report. 
Summary 
The procedure that is recommended here for delineating criti-
cal environmental areas in Nebraska is not an easy one. It com-
mences with a concept about places in the State that should receive 
special attention because incompatible and harmful uses of the land 
can cause environmental damage having more than local importance. 
It ends by recommending a few specific areas where land uses should 
be carefully managed. Between the initial concept and the final 
definition of areas are many decisions based on a multitude of 
data and the diversity of citizen assessments about land-use goals 
in Nebraska. This chapter has focused primarily on the way those 
decisions are made. 
The decisions about which areas should be selected for cri-
tical evaluation must involve both citizens at the local level 
and experts with technical information. This combination is es-
sential because the nature of the task requires input about land-
use goals and about environmental interrelationships. A proce-
dure used in another state (Wisconsin) for this kind of task ap-
pears very appropriate for defining CEA in Nebraska; therefore, 
that procedure was explained in detail in this chapter. 
It is expected that persons who follow this prescribed pro-
cedure for Nebraska will confront the subject matter of previous 
chapters. That is, as participants discuss the applicability of 
specific areas, they will face the issues of criticality discuss-
ed in the first portion of Chapter II. Personnel charged with 
the responsibility of designing a measurement scheme will need 
to consider the problems summarized in the latter part of Chap-
ter II. Hopefully the background information about data sources 
and about differentiated areas according to selected phenomena 
that was described in Chapter III can serve as a working base for 
subsequent analyses. 
Nevertheless, in spite of whatever aids are obtained from 
this report, the task of defining critical environmental areas in 
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Nebraska will be difficult and will expose conflicting and contro-
versial goals in the use of our land. But, given the general im-
portance of the State's rural components, the increasing interaction 
among all segments of society, and the dependence of humans on their 
earth environment, the task is essential. Furthermore, the effort 
is worthwhile because the ultimate objective is the improvement of 
life in Nebraska. 
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NOTES 
CHAPTER I 
1. Barry Commoner has stated as the First Law of the Environment: 
Everyting in the environment is related to everything else in 
the environment. 
2. Bib. 70 (i.e. t see Bibliography No. 70). 
3. Bib. 26. 
4. LB 172, introduced in the 1977 Nebraska Legislature, deals with 
this very issue. 
5. For example, LB 433 in 1975 dealt with the creation of a State-
wide committee to recommend additional land-use regulations, 
including the desgination of critical or key impact areas where 
local land management planning and control may be inappropriate. 
In 1977 some bills addressed this general problem as it pertains 
to water control in the State: LB 247 (Nebraska Ground Water Pro-
tection Act), LB 296 (Interbasine Transfer of Water), and LB 298 
(Riparian Water Rights Act). 
6. Bib. 64 
7. Bib. 69. A long-promised publication (Bib. 14), which was still 
not available when this report was completed, supposedly deals 
with this same general topic and should be useful for persons 
wishing to consult a few major references. 
8. Originally a fourth objective was to conduct a pilot project in 
a section of the Platte Valley Corridor; but, as stated in the 
Preface, a different procedure evolved during the study period, 
one that excluded defining critical environmental areas in one 
region exclusive of other areas of the State and without much 
citizen input. 
9. Bib. 90. 
10. Bib. 78, pp. 13-14. 
11. Bib. 64, pp. 34-43. 
12. Bib. 88. 
13. Bib. 93, p. 3. 
14. Bib. 63. 
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15. Bib. 64, p. 45. 
16. Bib. 68, p. 33. 
17. Bib. 68, P . 15 . 
CHAPTER II 
1. Bib. 7. 
2. Bib. 64, p. 121. 
3. Bib. 47, pp. 107 and 110. 
4. Bib. 64, p. 56. 
5. Bib. 85, Volume I, Figure 1, p. 5. 
6. Bib. 68, p. 33. 
7. Bib. 39, p. 101. 
8. Bib. 85, Volume I, Figure 6, p. 18. 
9. Bib. 59, with miscellaneous county reports, e.g., Bib. 3. 
10. A suitable reference (not included in this quotation) is Bib. 
11. Bib. 69, p. 34. 
12. Bib. 69, p. 34. 
13. A tremendous amount of literature exists on the topic of indi-
vidual perceptions of places and phenomena at places; two gen-
eral references are Bib. 20 and 45. 
14. Another method, which involves IIfiltering" criteria, is illu-
strated in the next section of this report. 
15. Bib. 59 
16. Bib. 3. 
17. Bib. 23, pp. 1-2. 
18. Bib. 64, p. 112. 
19. Bib. 64, p. 15. 
38. 
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20. Bi b. 9. 
21. Bib. 9. 
22. Bib. 19. 
23. Actually only twelve Categories are described in the Develop-
ment Guidelines because a separate agency had responsibility 
for two Categories. 
24. Bib. 19, p. 55. 
25. Bib. 69. A similar scheme is one created by the Virginia Divi-
sion of State Planning and Community Affairs, from which the 
CRIP designers drew ideas. 
26. In some cases the "rank" even results from nominal data (e.g., 
see "Nesting Geese ll in Table 11-13 and "Length of Growing Sea-
son" in Table 11-14). 
27. In contrast, the Virginia scheme is criticized in the CEA Re-
ference Guide (Bib. 64, p. 114) because of its excessive mani-
pulation: 
CHAPTER 
1. Bib. 
2. Bib. 
3. Bib. 
4. Bib. 
5. Bib. 
6. Bib. 
7. Bib. 
8. Bib. 
The mathematical manipulations are sufficiently con-
voluted that it is difficult to unravel the relative 
importance of particular factors. No explanation is 
given as to how the mathematical operations used re-
late to the importance of certain variables or com-
binations of variables, and without such an explana-
tion, it seems unreasonable to attempt to use such an 
involved rating. 
III 
64, pp. 77-78. 
53, p. 13. 
51. 
72, p. 8.12. 
64, p. 142. 
36, p. 32. 
66, p. 32. 
72, p. 8.12. 
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9. Bib. 53, p. 2. 
10. Bib. 71, Appendix A, p. 51. 
11. Bib. 71, Appendix A, p. 51. 
12. Bib. 53, p. 38, and Bib. 23, p. 20. 
13. Bib. 85, Volume I. 
14. Bib. 57, p. 5. A revised report (Bib. 55) uses the terms 
I'endangered" (i .e., any species of wildlife whose continued 
existence as a viable component of the wild fauna of the 
state is determined to be in jeopardy) and "threatened" (i .e., 
any species of wildlife which appears likely to become en-
dangered), which are further defined by criteria specified by 
the Federal Endangered Species Act of 1973. 
15. Bib. 85, Volume II. 
16. Bib. 85, Volume II, p. 13. 
17. Bib. 66, Outdoor Recreation, p. 17. 
18. Bib. 64, pp. 55-56. 
19. Bib. 66, Fish and Wildlife, p. 21. 
20. Bib. 66, Fish and Wildlife, p. 23. 
21. Bib. 66, Fish and Wildlife, p. 24. 
22. Bib. 66, Fish and Wildlife, p. 79. 
23. Bib. 60. 
24. Bib. 81. 
25. Bib. 8. 
26. Bib. 76, p. 85. 
27. Bib. 66, Outdoor Recreation, p. 67. 
28. Bib. 66, Outdoor Recreation, p. 5. 
29. Bib. 66, Flood Damage and Control, p. 53. The propensity of 
persons to continue building and living on floodplains is 
illustrated in Crete; see Bib. 11. 
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30. Bib. 66, Flood Damage and Control, p. 53. 
31. Nebraska Revised Statutes, Section 37-41, reissue 1974; see 
Bib. 66, Outdoor Recreation, p. 16. 
32. Bib. 71, p. 99. 
33. Bib. 21, p. 75. 
34. Bib. 77, p. 5. 
35. Bib. 69, p. 108. 
36. Bib. 34, p.' 101. 
37. Bib. 13, Section II, A and B. 
38. Bib. 47, p. 100. 
39. Bib. 86, p. 15. 
40. Bib. 53, p. 55. 
41. Bib. 47, pp. 107, 109, and 110. 
42. Bib. 37. 
43. Bib. 91. 
44. Bib. 66, Outdoor Recreation, p. 55. 
45. Bib. 10, p. 33. 
46. Bib. 4. 
47. Bib. 16. 
CHAPTER IV 
1. Bib. 64, pp. 23-26. 
2. Bib. 64, p. 16. 
3. Bib. 15. The CEA Reference Guide (Bib. 64, p. 108) in com-
menting on the(fJstinction between the "blanket inventoryll 
method (which demands so much data) and an alternative method, 
termed the second one a "priority area" method (rather than a 
IIsample areal! method). The reason for this changed terminology 
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is illustrated by the CRIP process (described in the next 
section) . 
4. Bib. 41. 
5. Bib. 69, pp. 337 and 339. 
6. Bib. 18. 
7. Bib. 12, p. 6. 
8. Even when relatively active residents are requested to parti-
cipate, the involvement may be disappointing; see, e. g., Bib. 
82, pp. 6 and 9. 
9. Bib. 69, pp. 28-31. 
10. Bib. 12, pp. 9-10. 
11. Bib. 12, p. 56. 
12. Bib. 69, pp. 339 and 341. 
13. Bib. 69, p. 341. 
14. Bib. 69, pp. 342 and 344. 
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